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The  use  of  poison  gases  by  the  Germans  at  Ypres  on 

April  22,  1915,  marked  a  new  era  in  modern  warfare.  The  popular 

opinion  is  that  this  form  of  warfare  was  original  with  the  Germans. 

(0 

Such,  however,  is  not  the  case.  According  to  an  article  in  the 

W  „ 

Candid  Quarterly  Review,  All  they  can  olaim  is  the  inhuman  adoption 
of  devices  invented  in  England,  and  by  England  rejected  as  too 
horrible  to  be  entertained  even  for  use  against  an  enemy".  The 
use  of  poison  gases  is  even  earlier  in  origin  titan  this  artiole 
olaims. 

(1)  Called  to  my  attention  by  Major  C.J.  West. 

(2)  Vol.  4,  p.56l(l915) 

The  first  recorded  effort  to  overcome  an  enemy  by  the 

generation  of  poisonous  and  suffocating  gases  seems  to  have  been 

in  the  wars  of  the  Athenians  and  Spartans  (451-404  B.C.)  when  the 

Spartans  besieged  the  cities  of  Platea  and  BeliUm-  They  saturated 

wood  with  pitoh  and  sulphur  and  burned  it  under  the  walls  of  these 

cities  in  the  hope  of  choking  the  defenders  and  rendering  the 

assault  less  difficult.  Similar  uses  of  poisonous  gases  are 

reoorded  during  the  Middle  Ages.  In  effect  they  were  like  our 

modern  stink  balls,  but  were  projected  by  squirts  or  in  bottles 

after  the  manner  of  a  hand  grenade;  The  legend  is  told  of  Prester 

**ohn  (about  the  eleventh  oentury),  that  he  stuffed  copper  figures 

with  explosives  and  ocnbuatible  materials  which  oaused  great  havoo 

when  emitted  from  the  mouths  and  nostrils  of  the  effigies. 

The  idea  referred  to  by  the  writer  in  the  Candid  Quarterly 

is  due  to  the  English  Admiral  Lord  Dundonald,  and  appeared  in  the 
publication  entitled  "The  Panmure  Papers". 


-  2  - 


"The  great  Admiral  Lord  Lundonald  -  perhaps  the  ablest 
sea  captain  ever  known,  not  even  exoluding  Lord  Ilolson  -  war  also 
a  man  of  wide  observation,  and  no  mean  chemist.  He  had  been  struck 
in  1811  by  the  deadly  character  of  the  fumes  of  sulphur  in  Lioily; 

*  s . 

and,  when  the  Crimean  \.ar  was  being  waged,  he  communicated  to  the 
English  Government,  then  presided  over  by  Lord  Palmerston,  a  plan 
for  the  reduction  of  Uebastopol  by  sulphur  fumes.  The  plan  was 
Imparted  to  Lord  Pannrure  and  Lord  Palmerston,  and  the  way  in  -which 
it  was  received  is  so  illustrative  of  the  trickery  and  treachery 
of  the  politician  that  it  is  -worth  -while  to  quote  Lord  Palmerston’s 
private  corammicition  upon  it  to  Lord  Pannrure 

LOPJ)  PALHSiloTOH  ?0  L0:j)  P:UI1TPE. 

"House  Of  Commons,  7th  August,  1855. 

/  "1  agree  with  you  that  if  Dundonald  -will  go  out 

hin-t/^rf  to  superintend  and  direct  the  execution  of  his  scheme, 
we  ought  to  accept  his  offer  and  try  his  plan.  Tf  it  succeeds, 
it  -will,  as  you^  say,  save  a  gre^t  number  of  English  and  French 
lives;  if  it  fails  in  his  hands,  we  shall  be  oxompt  from  blame, 
and  if  we  coiru  in  for  a  small  share  of  the  ridicule,  we  can  boar 
it,  and  the  greater  part  -will  fall  on  him.  You  had  best,  there¬ 
fore,  make  arrangements  with  him  -without  delay,  and  with  us  much 
seorocy  as  the  nature  of  things  will  admit  of." 

\\  , 

Inasmuolilc  Lord  Lundonald’ s  plans  have  alroady  beon 
deliberately  published  by  the  two  iersouc  above^iamea,  there  oan 
be  no  harm  in  now  repub liehing  the»..«  'Jhey  wil.  be  found  in  the 
first  volume  of  The  Panrnro  Par>erc  pp. 340-342}  and  are  as  follows i- 

.  "(-XLOaU  -E) 

-bhief  ?::hlihi::ahy  ob^e  vacioi:  . 

"Is  was  observed  when  viewing  tho  -ulphu.  Hi Inc,  in 


\ 
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July  in  1811,  that  tho  fuiaes  which  escaped  in  tho  rude  process 
of  extracting  the  material,  though  first  elevated  by  heat,  soon 
fell  to  the  ground,  destroying  all  vegetation,  and  endangering 
animal  life  to  a  great  distance,  as  it  was  asserted  thal"  an  or- 
dinance  existed  prohibiting  persons  from  sleeping  within  the 
distance  of  three  miles  during  the  melting  season. 

■'An  Application  of  these  facts  was  inmediately  made 
to  Uilitary  and  ITaval  purposes,  and  after  mature  consideration, 


however,  probably  be  suggested  by  Professor  Faraday,  as  to  os  ora¬ 
tions  on  shore  1  have  raid  little  attontlon.  .our  or  five  hundred 
tons  of  sulphur  and  two  thousand  tons  of  ooko  would  be  S'lffioicnt. 
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’’Besides  these  materials,  it  would  be  necessary  to  have, 
say,  an  much  bituminous  coal,  ana  a  couple  of  thousand  barrels k of 
gas  or  other  tar,  for  the  purpose  of  masking  fortifications  to  be 
attacked,  or  others  that  flank  the  assailing  positions* 

"A  quantity  of  dry  firewood,  chips,  shavings,  straw,  hay, 
or  other  such  combustible  materials,  would  also  be  requisite  quickly 
to  kindle  the  fires,  which  ought  to  be  kept  in  readiness  for  the 
first  favourable  and  steady  breeze." 

t 

Dundonald. 


7  th  -Vugus  t ,  1855* 

"Note.-  The  objects  to  be  accomplished  being  specially 
stated  the  responsibility  of  their  acc enroll shraer.t  ought  to  rest 
on  those  who  direct  their  elocution. 

"Suppose  that  the  halakoff  nd  Medan  are  the  objects  to 
be  assailed  it  might  be  judioiouc  merely  to  obscure  tho  Medan 
(by  the  smoke  of  coal  and  tar  kindled  in  ’The  uarries*),  so 
that  it  oould  not  annoy  the  tamo  Ion,  ..'here  the  sulphur  fire  would 
be  placed  to  expel  tho  garrison  from  the  kalakoff,  -'hie a  ought 
to  have  all  the  cannon  that  oan  bo  turned  towards  its  rarq?arts 
alloyed  in  overthrowing  its  undofended  ramparts. 

"There  is  no  doubt  but  th  t  the  fumes  will  envelop  all 
the  defense  from  tiro  kalakoff  to  tho  Barracks,  and  even  to  the 
line  of  battleship,  th-  Twelve  Apostles,  at  anchor  in  the  harbour* 

"The  two  outer  battoriec,  on  oaeh  side  of  the  Port, 
ought  to  be  smoked,  sulphured,  and  blown  down  by  explosion  vessels, 
and  their  destruction  cowleted  by  a  few  ships  of  w;u*  anchored 


under  cover  of  the  smoke 


"!Ehat  was  Lord  Gundonald’s  plan  In  1855,  improperly 
published  in  1908,  and  b 7  the  Germans,  who  thus  learnt  it,  ruth¬ 
lessly  put  into  practice  in  1315. 

"Lord  Dunuonald's  memoranda,  together  with  further 
elucidatory  notes,  were  submitt-  d  by  the  Jnylish  Government  of 
that  day  to  a  committee  and  subsequently  to  another  committee 
in  which  Lord  Playfair  took  leading  part.  These  conmitteec  with 
Lord  Dundonald’s  plans  fully  ;ind  in  detail  beforo  them,  both  re¬ 
ported  that  the  plans  were  perfectly  feasible;  that  the  effects 
expected  from  them  would  undoubtedly  be  produce*  ;  but  that  those 
effects  wore  so  horrible  that  no  honorable  combatant  could  use 
the  means  required  to  produce  them,  .’ho  committees  therefore 
reconnoended  that  the  theme  should  not  be  adoptcu;  that  _ord  ^un- 
dona  Id  ’  s  account  of  it  should  be  destroyed,  -low  the  records  w-.re 
obtained  uid  presor/cd  by  tho;  e  ho  so  imp ro,  erly  published  them 
in  1308  we  uo  not  know.  Presumably  they  were  found  anonc  Lord 
raruaure'r  papers.  uhairal  Loru  Lundoiiai*  hi:.:sclf  was  certainly 
no  party  to  their  publication. 

"Thus  it  will  be  seen  that  th  plan  hi  oh  .upland  had 
rejectee’  as  b«*in  :  too  horrible  for  use  in  warfare  has  been,  lirouyh 
the  doplorablo  conduct  of  thoeo  who  somehow  obtained  rr.d  published 
it,  stolen  from  uo  by  the  Germans,  ;ad  f i  rot  usod  a;ai.  t*.  us.  That 
havir,-:  been  done,  we  Car.i.ot  choote  but  retaliate  ir.  kind;  for  when 
such  methods  of  warfare  are  used  a  tains t  wo  must,  *•  our  on. 
protection  and  that  of  our  soldiers,  ouroclv'C  uae  nears  sia^lar 
and  as  efficacious.  urn  nears  lie  ready  to  our  hand  ir.  dmiral 
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Lord  Qundonald* s  plans;  and  it  ir  to  bo  procured  that  the*'  are 
no/;  worked  out  and  perhaps  improved  upon  by  the  modern  chords tc 
so  at  to  enable  uc  effectually  to  give  back  to  the  Gomans  as 
Rood  a  gas  a:  they  cenh  uc." 

The  v.>pi  tor  in  the  Candle  .uarterly  icirror.:;  ir.  saying 
that  the  Germans  learned  of  the  British  suggestion  to  use  poisonous 
Rases  ir.  warfare  fror.  the  publication  of  "The  Ihuumro  Paper?"  in 
lrG8.  ..hilc  the  comyiotc  details  first  become  available  thon,  a 
reference  to  th  nt.tt°r  sras  ublichcu  in  1GG4,  at  which  time  . 
gas  mash  had  been  developed  to  protect  the  British  thence ives 
against  poisonous  g.ise.  .  Jhic  ./as  invented  by  jr.  J.  .  terhouse 
and  ras  described  by  hr.  George  ilsoi  .,,iii 

(1)  Trans.  ;.oy.  ocottish  800.  arts,  4,  ^pordix  0,  p.  1^0  ;i3B4). 

"Dr.  .. i Icon  cocrr.onced  by  statin',  that  bavin  road  with 
small  interest  the  account  of  Br.  aterJiouco'c  researched  on  the 
doodorisirj  and  disir.foctin,;  properties  of  tlwooui,  and  the  plica¬ 
tion  of  thoco  to  the  construction  of  a  re  -  and  important  idr.U  of 
respirator,  he  had  requested  t  it  .ccoct  lished  chenist  to  send 
one  of  hi;  inrtnexr.tt  for  o.dilbl tion  to  th  society,  -hich  he  had 
Id rdly  done.  .Vo  of  tno  i nr tracer tc  wore  nor.:  on  the  table,  differing 
h* Tver,  so  slightly  in  construction,  tha .  it  rould  be  tufficicr.t 
to  explain  trie  ar  raftsmen  t  of  on-  of  thcr.  r.ternally,  it  hid 
the  &n«arx'iee  a  snail  fonc.n  ;-n of  wire  ja.  so,  cover  in  the 
face  from  the  chin  upward  c  to  the  bridge  of  th  r.oro,  but  loivi:. 
the  eyes  and  forchord  free,  it  consisted  essentially,  of  Vrc  t  intee 


of  wire  gause,  separated  fron  each  other  bp  a  space  of  '  .at  1/4 
or  1/8  of  ar.  Inch,  so  as  to  form  a  snail  ca£>:  filled  with  small 
fragments  of  oh  are  or.  1*  The  fr  nc  of  the  cage  was  of  copper,  but 
the  odgeB  ’.7ere  raa/do  of  soft  lead,  and  v:er©  lined  wi th  velve  t,  so 
ac  to  admit  of  their  being  made  to  fit  tho  cheeks  tightly  and 
inclose  toe  mouth  and  nostrils.  3y  thic  arraiigement,  no  air 
could  enter  the  lun:,s  without  p;t33ing  through  the  wire  gauso  and 
traversing  the  charcoal,  .a.  aper^ture  i:  provided  with  a  sc  -ew 
or  sliding  valve  for  the  removal  and  replenishment  of  the  a  onto:  ts 
of  wood  charcoal.  Jhe  apparatus  is  attached  to  tiic  face  by  an 
elastic  band  passing  over  th-  cr o:n\  of  th-  he  ai  and  strings  tying 
behind,  as  ir.  the  case  of  the  ordinary  ref' I  rater,  fhe  important 
a  rent  ir.  this  instrument  is  she  charcoal,  which  ha-  so  remarkable 
a  power  of  absorbing  and  destroying  irritating  and  otherwise  ir- 
resplrablo  and  oisonouc  gases  _■  u  va>  curs  that,  orxed  wish  the 
respirator,  spirits  of  ha-. shorn,  sulphuretted  hydrogen,  h;ni ro- 
tulphur^i  of  art-onia,  and  chlorine  no;  be  breathed  through  it 
with  impunity,  though  but  slightly  diluted  with  air.  3iic  re¬ 
sult,  first  obtained  by  hr.  Jtenhouso,  has  boor,  verified  by  those 
who  h*vo  repeated  tho  trial,  among  others  by  gr.  ilson,  who 
has  tried  tho  vapours  named  above  oi:  hJmcelf  ard  fou-  of  his  pup  I  Ir  * 
who  have  breathed  thou  with  intimity.  7ut  #n  lunation  or  this 
remarkable  property  of  clu.rcoal  i*.  two-fold.  It  lias  lor<.  boon 
known  to  j ossess  tho  power  of  condensing  into  its  pores  gases 
anti  vapours,  so  that  if  freshly  prepared  anu  exposed  to  those,  it 
absorbs  and  retains  then,  3ut  it  has  scarcely  boon  suspected  until 


recently,  v/hen  Dr.  litenhouse  pointed  out  the  fact,  that  if  charcoal 
be  allowod  to  absorb  simultaneously  such  gases  as  sulphuretted 
hydrogen  and  air,  the  oxygen  of  this  absorbed  and  condensed  air 
rapidly  oxidizes  and  destroys  tho  .accompanying  gas.  So  marked  is 
this  action,  that  if  dead  animals  be  imbedded  in  a  layer  of  charcoal 
a  few  inches  deep,  instead  of  being  prevented  from  decaying  as  it 
has  hitherto  been  supposed  that  they  would  be  by  the  supposed  anti¬ 
septic  powers  of  charcoal,  they  are  found  by  Dr.  Jtenhouse  to  decay 
much  faster,  -whilst  at  the  same  time,  no  offcnsA^el'f luvia  are  evolved. 
The  deodorizing  powers  of  charcoal  are  thus  established  in  a  way 
they  never  have  beer,  before;  but  at  the  same  time  it  is  chovm  that 
the  addition  of  charcoal  to  sewage  refuse  lessens  its  agricultural 
value  contemporaneously  'with  the  lessening  of  odor.  I'Tom  these 
observations,  which  have  been  fully  verified,  it  appears  that  by 
strewing  charcoal  coarsely  powdered  to  the  extent  of  a  few  inches, 
over  church-yards,  or  by  placing  it  inside  tue  coffins  of  the  dead, 
the  escape  of  noisome  and  poisonous  exhalations  may  be  totally  pre¬ 
vented.  The  charcoal  respirator  embodies  this  important  discovery. 

It  is  certain  that  many  of  the  miasmata,  malaria,  and  infectious 
matters  which  propagate  disease  in  the  Imran  subjoot,  enter  the 
body  by  the  lungs,  and  impregnating  tue  blood  there,  are  oarried 
v/ith  it  throughout  the  entire  body,  which  they  thus  poison.  These 
miasms  are  either  gases  and  vapours,  or  bodies  which,  like  fine 
light  dust,  are  readily  carrieu  through  the  air;  moreover,  they 
are  readily  destroyed  by  oxidising'  agents,  Uicu  convert  the.  ,  into 

harmless,  or  at  least  non-poi sonous  substances,  such  as  water. 
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03x1)01110  acid  and  nitrogeh.  There  ic  every  reason,  therefore,  for 
believing  that  charcoal  will  oxidise  and  destroy  such  miasmata  as 
effectually  as  it  does  sulphuretted  hydrogen  or  hydro sulphurs t  of 
ammonia,  and  thus  prevent  their  reaching  and  poisoning  the  blood. 

The  intention  accordingly  is  that  those  v;ho  are  exposed  to  noxious 
vapours,  or  compelled  to  breathe  infected  atmospheres,  shall  wear 
the  charcoal  respirator,  with  a  view'  to  arrest  and  destroy  the  vola¬ 
tile  poisons  contained  in  these,  bone  of  the  non-obvious  applications 
of  the  respirator  .vers  then  referred  tos- 

1.  Certain  of  the  large  chemical  manufacturers  in  London  are  now 
supplying  their  workmen  with  tin  charcoal  respirators  as  a  protection 
against  the  more  irritating  v  .pours  to  which  they  ..re  exposed. 

2.  Llany  deaths  have  occured  among  those  employed  to  explore 
the  large  drains  and  sewers  of  Loudon  from  exposure  to  sulphuretted 
hydrogen,  etc.  It  may  be  asserted  with  confidence  that  fatal  results 
from  exposure  to  the  drainage  gases  will  ee.se  as  soon  as  the  res¬ 
pirator  ic  brought  into  use. 

3.  In  districts  such  as  the  Canpagna  of  lome,  where  malaria 
prevails  and  to  travel  during  night  or  to  sleep  in  which  is  certainly 
followed  an  attack  of  dangerous  and  often  fatal  ague,  the  wearing 

of  th-.'  respirator  even  for  a  few  hours  may  be  expected  tc  render 
the  march  poison  harmless. 

4.  Those,  who  as  clergymen,  physicians,  or  legal  advisers, 
have  to  attend  the  sick-beds  of  sufferers  from  infectious  disorders, 
may,  on  occasion,  avail  themselves  of  the  protection  afforded  by 
l)r.  btenhoueo* s  instrument  during  their  intercourse  v/ith  the  sick. 

5.  Tho  longing  for  a  short  ana  decisive  war  has  led  to 
tho  invention  of  a  "suffocating  bomb- shell,"  will  oh  or.  bursting, 
spreads  far  and  ./ ide  anudferreepi rab lo  or  poisonous  vapour;  one  of 
tho  liquids  proposed  for  the  ehel-  is  the  strongest  atsr.onia,  ar.d 
against  thit  it  is  believe  that  the  charcoal  respirator  nay  <io- 
fend  our  soldiers.  is  li  oly  to  servo  this  end,  it  ic  at  present 
before  the  Board  of  Ordnance. 

"Dr.  «i is on  stated,  in  oonolusion,  that  Dr.  Ltenhousc, 
hud  no  interost  but  a  scientific  one  in  tho  success  of  the  respira¬ 
tors.  He  had  decline  to  patent  them,  and  desired  only  to  apply 
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his  remarkable  discoveries  to  tho  abatement  of  dide-iso  and, death. 
Charcoal  had  long  been  used  in  filters  to  render  poisonous  ’water 
wholesome;  it  v;as  now  to  be  employed  to  filter  poisonous  air." 

I  have  not  been  able  to  find  any  reference  in  the 
scientific  litorature  as  to  the  action  taken  by  the  iSiglish 
Government  in  regard  to  bterihouse's  mask;  but  the  quotation  from 
the  Candid  quarterly  clears  up  the  matter.  Since  poisonous  gases 
were  not  to  be  used,  it  was  unecossary  to  provide  a  defense  against 
then. 


One  of  the  early,  if  not  the  earlies.,  suggestion  as 
to  the  use  of  poison  gas  in  shell  is  found  in  an  article  on  "Greek 

Co  () 

Fire"  by  3.  W.  Richardson 


^  I  "I  feel  it  a  duty  to  eta 


I  "I  feel  it  a  duty  to  state  openly  and  boldly,  that 

if  science  were  to  be  allowed  her  full  swing,  if  society 
would  really  all  or  that  'all  is  fair  in  war',  war  might  be 
banishod  at  once  from  the  earth  as  a  game  —hlch  neither 
sub.joc~,  nor  king  dare  play  at.  Globes  that  could  distribute 
liquid  fire  could  distribute  also  lethal  .^entc,  within  tho 
bre  th  of  .vhioh  no  man,  however  puissant,  could  ;tand  and  livo. 
ftromtho  summit  of  rimroce  Hill,  a  few  hundred  ngineorc, 
properly  prepared,  ooulu  render  agent's  Fork,  in  an  inoredibl 
short  spaoe  of  time,  uttorly  uninhabitable;  or  oould  make  an 
army  of  men,  hat  should  even  fill  that  spuoe,  fall  with  their 
arras  in  their  hands,  prostrate  and  helplo.  ?  is  the  host  of 
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"The  question  is,  shall  these  things  he?  I  do  not 
see  that  humanity  should  revolt;  for  would  it  not  he  better 
to  destroy  a  host  in  Regent’s  Pari:  by  making  the  men  fall  as 
in  a  mystical  sleep,  than  to  let  down  on  them  another  host 
to  break  their  bones,  tear  their  limbs  asunder,  and  gouge 
out  their  entrails  with  three-cornered  pikes;—  leuvin;  a 
vast  majority  undead,  and  writhing  for  hours  in  torments  of 
the  damned?  I  conceive,  for  one,  that  science  would  be  blessed 
in  spreading  her  wings  on  the  blast,  and  breath! r  into  the 
face  of  a  desperate  horde  of  ner.  prolonged  sleep  -  for  it 
n  ed  not  necessarily  be  a  death  -  which  they  could  not  grapple 
with,  and  which  would  yield  them  up  -with  their  implements  of 
murder  to  any  en^my  th  t  in  the  iewensity  of  its  power  could 


afford  to  be  as  merciful  as  Heaven. 

"The  question  is,  shall  these  things  be?  I  think 
they  must  be.  By  w^/t  compact  can  they  be  stopped?  It  were 
improbable  that  any  congress  of  nations  co-lu  agree  on  any 
code  regret : ng  means  o“  destruction;  but  if  it  did,  it  wore 
useless;  for  soieuoe  becomes  more  powerful  as  she  concentrates 
her  forces  in  the  hands  of  units,  so  that  a  nation  oould  only 
act,  by  the  absolute  and  individual  assent  of  eaoh  of  her 
representatives,  issuae,  then,  that  t'raj  oe  shall  lay  war  to 
England,  and  by  superior  force  of  men  should  place  1  taner.se 
hosts,  well  armod,  on  Ij&gllsh  soil.  probable  that  the 

units  would  rest  in  peaoe  and  allow  sheer  bruto  force  to  win 


its  way  to  entire?  Or  rut  English  troops  on  French  soil, 
and  reverse  the  question? 

"To  conclude,  War  has,  at  this  moment,  reached,  in 
its  details,  such  an  extravagance  of  horror  and  of  cruelty, 
that  it  cannot  be  made  worse  by  any  art,  and  can  only  bo  made 
more  merciful  by  being  rendered  more  terribly  energetic. 

Who  that  had  to  die  from  a  blow  would. rather  i>laco  hie  head 

r 

under  Nasmyth's  hanmor,  than  to  submit  it  to  a  d.-unmer-boy 
armed  with  a  ferule?" 

The  Army  and  Navy  Register  of  Llay  29,  1915,  reports  tint 
"among  tho  recommendations  forwarded  to  the  board  of  Ordnance  and 
Fortifications  there  may  be  found  many  suggestions  in  favor  of  the 

t 

asphyxiation  process,  mostly  by  the  employment  of  gase:  contained 
in  bombs  to  be  thrown  within  the  liner  of  the  foe,  with  varying 
effects  from  peaceful  slumber  to  instant  death,  ^ne  ingenious 
person  suggested  a  bomb  laden  to  its  full  capacity  with  snuff, 
which  should  be  so  evonly  ar.d  thoroughly  distributed  that  the  er.eny 
would  be  convulsed  with  sneezing,  anu  ir.  this  period  of  paroxysm 
it  would  be  possible  to  creep  up  on  him  and  oapture  him  in  the  throes 
of  the  convulsion." 

That  the  use  of  toUon  gases  was  net  new  in  the  minds  of 
military  men  follows  logically  from  the  fact  t'uat  Jt the  iluguo  Con¬ 
ference  in  1833,  the  Governments  represented  -  a: id  all  tho  warring 
powers  of  the  present  great  conflict  were  rep resented  -  pledged 
themselves  not  to  use  any  project! lot.  whoso  only  object  was  to  give 
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out  suffocating  or  poisonous  gases.  At  the  Congress  of  1907,  article 
23  of  the  rules  adopted  for  v/ar  on  land  states i 

"It  is  expressly  forbidden  (a)  to  employ  poisons  or 
poisonous  weapons." 

•It  is  interesting  to  note  in  this  connection  that  the  dmerioan 
and  German  delegates  to  the  1899  Congress  — —  refuses  to  commit  their 
conntries  against  the  use  asphyxiating  gas  in  projectiles  (Literary 
Digest,  50,  1064,  (1915). 

Admiral  Llahan*  s  memorandum  of  his  reasons  *  *  *  *  for  opposing 
the  provisions  is,  in  part,  as  follows: 

"No  shell  emitting  such  gases  is  as  yet  in  practical 
use  or  has  undergone  adequate  experiment;  consequently,  a  vote 
talcen  no.?  would  be  t alter,  in  ignorance  of  the  facts  as  to  whether 
the  results  would  be  of  decisive  character,  or  whether  injury 
in  excess  of  that  necessary  to  attain  the  end  of  warfare,  of 
inrned lately  disabling  the  enemy,  would  be  inflicted. 

"The  reproach  of  cruelty  jid  r  orf  idy  addressed 
against  these  supposed  shells  was  equally  uttered  previously 
against  fire-arms  and  torpedoes,  although  both  are  nor  e:a- 

f 

ployed  without  sorup^ .  •  *  *  • 

"It  is  illogical  and  not  demonstrably  humane  to  be 
tender  about  asphyxiating  men  with  gas,  when  all  ./ore  prepared 
to  admit  that  it  wa.  allowable  to  blow  the  bottom  ou,  of  an 
ironolad  at  midnight,  thro./ in;  four  or  fivo  hundred  men  into 
the  aea  to  bo  oho'.ced  by  the  water,  with  scarcely  the  remotest 


ohance  to  esoape." 
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Before  the  war  suffocating  cartridges  were  shot  from  fee 
— pfe*4g»  bill1  owing  rifle  eif-W-asa.  These  cartridges  were  oharged 
with  ethyl  bromaoetate,  a  slightly  suffocating  and  non- toxic 
lachrymatory.  They  we  re  intended  for  attack  on  the  flanking  works 
of  permanent  fortifications,  flanking  casements  or  caponiers,  into 
'which  they  tried  to  make  these  cartridges  penetrate  by  the  narrow 
slits  of  the  loopholes.  The  men  -who  were  serving  the  machine  guns 
or  th.':  cannon  of  the  flanking  works  woulu.  have  been  bothered  by  the 
vapor  from  '.ho  ethyl  brocacetate,  and  the  assailant  would  have 
profited  by  their  disturbance  to  get  past  the  obstacle  presented 
by  the  fortification.  The  enqployaei.t  of  these  devices,  not  en¬ 
tailing  death,  did  not  contravene  the  Hague  conventions. 

The  first  gas  attack  of  the  present  war  was  launchod  by 


the  Germans  at  Ypros  on  April  22,  1315.  It  is  probable  that  plans 
for  this  attack  had  been  under  way  for  months^ at  least  from  Christmas, 
1314.  The  introduction  of  toxic  gases  in  modern  warfare  is  ascribed 


yf»ol»  luli  lo  Professor  ..althor  hornet  of  the  University 


of  Berlin, 


while  the  actual  field  operation*  are  said  to  have  been  under  the 


(1}  Gas  and  Flame,  15,  (1318) 


general  direction  of  Professor  Haber  of  tlw  :^.cor  .ilhelra  Physical 
Chemical  Institute  of  Berlin.  Dome  writers  have  felt  that  the 
question  of  preparation  had  been  a  matter  of  years,  ruth-  t  r. 
months,  and  refer  to  the  work  on  industrial  gases  as  a  proof  of 
this  statement.  The  fact  that  the  gas  attack,  was  not  more  succtc-ful, 
that  tho  results  to  bo  obtained  were  not  more  appreciated,  and  that 


bettor  preparation  against  retaliation  had  not  boon  rude,  argues 
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against  this  idea  of  a  long  period  of  reparation.  That  such  was 
the  oaso  is  most  fortunate  for  the  Allied  cause,  for  had  the  Goman 
hi  jh  com. land,  known  the  real  situation  at  the  cloto  of  the  first 
gas  attack,  or  had  4<been  more  severe,  the  outcome  of  the  war  of 
1914  -.vou Id  have  been  very  different. 

The  first  suggestion  of  the  gas  attack  of  April  22*4  cane 
to  the  British  Army  through  the  story  of  a  German,  deserter.  He 
told  that  t  -e  German  Arn$/  .'/as  plannin  to  poison  their  enemy  with 
a  cloud  of  gas,  and  that  the  cylinders  had  already  been  installed 
in  the  trenches.  Ho  one  believed  the  story,  largely  because,  in 
spite  of  the  numerous  exarr.  les  of  German  barbarity,  the  English 
did  not  believe  the  Goman  capable  of  such  a  violation  of  the  Haguo 
rules  of  warfare,  even  though  he  had  not  signed  their  agreement. 


qp  headqu 


The  story  appeared  in  the  suw&ry  of  infornutiqp  headquarter:, 

\ 

("Comic  Cuts")  and  as  .uld  says  "v/ac  passed  for  information  for 
what  it  is  worth".  But  tho  story  /as  true,  and  on  the  afternoon  of 
the  22nd  of  April,  all  the  condition;  being  ideal,  the  boginnin  of 
"gas  -warfare"  was  launchou.  Petal  Ip  of  that  first  ga.  attack  -..’ill 
always  bo  noager-  for  tho  simple  reason  t:\at  the  men  who  could 
have  told  about  never  oono  baok. 


In  tiii»  attack  tan  j.;i-;;uru  m-de  uco  of  chlorine  dischirged  from 
L' tool  cylinders;,  prei-u-udily  beoaur-e  onlerinc  „u8  a.  vol  atile,  corrooivo 
cubot  iaco  v/idch  ./up  avail  bole  on  i  largo  ucule.  ( ..  tn*  oti.or  inma 
chlorine  ro-cte  «o  rowdily  uitn  no:  t  f-ubirl.n.cei:  t.n*t  it  car.  bo  slopped 
Very  eut-iiy,  'uni ah  wu»  vary  fortun.rto  because  it  tnuo  became  possible 
for  tne  .lilies1  to  provide  protection  in  »  very  snort  tino.  ..  data  ;—u- 
siuge  steeped  in  tne  sodium  nypoc-ulpnito  solution  c*  toe  pooto..;r-.j.oerc 
and  ;;r .] ;  e:t  over  too  note  sr.d  acuta  yiver  fairly  satis  factory  pret  nation 
a  ;  dnrt  cnlorine*  '’0000  .  j.au  '.o;  do  not  »  rotoct  eyes-  eut  tsie  d--r« 
3t.np  p romptiy  1  ent  over  to  .r  sc;  cr  L  .oaryn.ior:  1..  t  noil.  0  .us  0  the 
sarii-t  :osv  ur.od  for  fid.:-  ;  urpos  u,  oron.cotoao  ..:-a  .y tyi  irouide,  ii* 
.aide  at  ordinary  toaper -turee  and  ao  net  p  es  into  v-por  r.pialy  enough 
to  bo  used  in  cylinder:-.  In  every- lay  life  ..0  distin  ui:n  '-.n.rply 
between  nesr,  li-iui.l:  -id  s  elide;  but  ..i  U.:-f  incti--  -  ..ows-  ..ct  ac.V: 
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the  Allies  to  ho  ti»o  first  to  try  out  e.ch  new  tn«y  >'evu  iiuvur 

u.le  to  turn  tnoir  tcmpor  .ry  udvu.twjc  i  to  victory. 

"Viift  it  ».*Own  very  rtri!:inr;iy  ii  th«»  dovolof n-nl  oi  tturf- ra  ti^e, 
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must  irvt  -4  liqui  .  i  soil  in  it  moat  .-17° «  -nidi  *tl  .c.::  t»:e  ;  t.i.., 
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hhile  a  great  many  cub  stances  have  beer  studied  with  ref¬ 
erence  to  their  use  in  gas  warfare,  relatively  f e.t  have  been  used 
to  any  groat  extent.  It  nay  therefore  be  desirable  to  give  a  brief 
outline  of  sa.it-  of  the  properties  oi'  the  more  important  v;ar  gases . 

Chlorine,  Cl.  ,  ^as- £ i  ret-  used  in  Vuri-l-, — Lfc  is  a 

greenish-yello :  .  as  •vita  1  suffocating  and  irritating  smell.  It 
boi.c  at  -33 . 6°,  and  the  vapor  pressure  of  liquid  chlorine  is  3.66 
atmos  acres  at  0°  and  11.5  _.t  40°.  ?he  molecular  weight  is  71,  so 
that  the  vapor  is  nearly  2.5  times  a-,  dense  a:  air  (71/28.8).  3xo 

density  of  liaid  chlorine  is  1.4605  at  0°  and  1.4108  ^t  20°.  It 

C. 

Is  e  ici  ly  prepared  anti  easily  liquWWica.  It  is  so  volatile  that 
it  c  u  be  used  ii  a  cylinder  or  cloud  attack.  Jo  prevent  the 
cooling  of  the  cylinders  the  discharge  tube  run .  to  the  bottom,  s 
in  a  coda  sivhc:  and  evuporati on  tares  place  outride  the  cylinder. 

Chlorine  is  not  very  toxic,  the  lethal  concent rat in  being 
2.5  mgy  er  liter  (770  v.p.m. )  for  dogs  on  30  minutes  cl  osure.  It 
is  very  corrosive  but  reacts  so  rcadi  ly  v/i  th  most  things  that  it  is 
easily  stopycu.  In  the  cani-ter  with  the  coda-limo  it  reacts  diroctly 
v/i  th  the  soda-lime.  Is  is  alco  absorbed  by  charcoal  and  reacts  with 
moisture,  aceordi. j  to  the  equation  2C1.5  +  2I!„0  *  2HC1  +  2  HC10  •  4IIC1  fOft, 
the  hydrochloric  acid  boin;  ta*:en  up  b,  the  soda-lime.  Dry  chlorine 
does  not  react  v/i  th  iron  and  can  therefore  be  kept  in  steel  cylinders. 

Phosgene,  OOCl^yi^e  filial  mar?' lir^Juunube*;  WMw-  It  is  a 
colorless  gas  with  a  smell  like  misty  h-y.  It  boils  at  8,2°  and 
the  vapor  pressure  o:"  li  uid  phosgene  is  1.6  atmospheres  at  20°  and 
3.1  at  40°.  It  is  over  three  times  as  dense  as  air.  The  density  of 


the  liquid  is  1.432  at  0°.  It  is  not  sufficiently  volatile  to  be 
used  by  itself  in  cloud  attacics  and  is  arrays  nixed  wi  th  chlorine 
in  such  ca;es,  the  mixture  usually  containing '20  -  25/1  phosgene. 

It  is  about  sever,  tines  as  toxic  as  chlorine,  the  lethal  concentra¬ 
tion  for  docs  on  30  minute  exposure  being  0.35  mg’,  per  liter  (80  p.p.n.) 
Phosgene  reacts  readily  with  water  according  to  the  equation 
C0Clr,  +  nc0  =  CO.,  +  2H01. 

In  the  canister,  phosgene  is  absorbed  by  charcoal  ai.d  reacts 
with  the  moisture  in  the  latter  to  form  carbon  dioxide  and  hydrochloric 
acid,  which  are  taken  up  by  the  soda-lime.  ..odu-lime  does  not  absorb 
or  decompose  phosgene  sufficiently  rapidly  to  give  adequate  protection. 
The  charcoal  gives  the  activity  and  the  soda-lime  the  capacity,  -U- 
creased  moisture  in  the  charcoal  increases  it:,  efficiency  towards 


phosgene . 

Chlor  icrir.,  CC1.<1T0.„  is  colorless  liquid,  boi’.ii-  at 
1  1  ^  ** 

112°,  and  having  a  vapor  pressure  of  5.8  rrsy  at  0°,  14.0  ixy  at  15°, 
and  23.0  ram/  at  25°.  2he  vapor  is  nearly  six  times  as  dense  as 
air.  1’he  density  of  the  liquid  is  1 . or 25 5  at  4°  -Ud  1.853;*  at  20°, 
the  two  determinations  not  being  made  by  the  same  man.  Ae  melting  1/ 
point  is^U0.  Ghlorpicrir.  is  not  cufficie  tly  vcl.tlio  for  use 
by  itself  in  cloud  attache.  hiic  it  has  bee?  used  rained  with  ’fl). 

chlorine,  it  is  usually  fired  in  .hell.  It  is  motor;. sol;/  to.  .  c 
(q.B  ng^  per  liter,  110  p.p.m. );  some'.. ’hat  1  xhrj’matory  (0.18  rqy' 
per  liter)  and  liable  to  cause  vomiting,  thus  forcing  removal  of  the 
mash.  It  v;:u  stopped  s  iti  =  fssctorily  by  the  a:.a.-co  a  used  i?  the 

A 

rucks.  I’iu  present  laboratory  charcoal  is  about  one  thou  tune  timer 


as  effective  as  .ho  earlier  material 
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Insure,  s:_*a;  1c  ot  t:*e  liquid  is  l.t'.G7  at  0°  and  l.CCC  at  .0°. 

Oriny  to  the  i,» .*  volatility  suycrralit-.  i-  user  only  in  shell.  It 

hat  b  or.  usou  o::ly  by  the  Jer.a.s,  *.;h  •  :n-.r  these  hoi!  with  a 

yrecn  cross.  Jhc  shell  usually  contain  mixtures  o.  super]  all  tc 

and  nhosyene,  thou*;.  so:.*-  duds  have  been  found  contain!:-^  iu.  e:1- 

nali  ;e  ar*  shlorpi crin;  uij  honylchlorarsine  has  also  scon  fouiu  in 

s or.  cf  tat-  1  recu  irons  shell.  — 

Jhe  It  t  nal  tO;.ceatr_tion  for  doys  is  C...C  r  ^  per  li  .or 

for  -xr  or  a  re  o  .C  Rir.jtes  ^J4G  y.p.. ../  but  it  is  much  lower  on 

lor.yer  ear;  o  surer.  rnperpali  to  ares  j Importance  to  its  hi  yn  vapor 

density,  to  its  persi  steney  because  of  Its  hi;;h-boi  liny-point,  u  u  -o 

the  increased  o:: j city  on  Ion  exposures. 

Jupeiy  all  tc  is  h]>u  roly  see  slo.ly  by  .nt-.r  at  room  te  .  e  r  .  ur 

a:£  fairly  rsMdiy  at  ICO0,  tlio  products  bcirr/yCl  a  u  CO.,,  ■  recunablv 

L.  •- 

accordin  to  the  eo. sation, 

C1C0.,CC1^  +  2 :l„0  =  4HC1  ♦  2C0?. 

ho  2  & 

3oi  liny  with  a^Lnuo on s  sole  ti  on  of  sodium  hyiiroxlae  for  half  an  hour 
deconr  ocec  it  completely. 

Alumina  causes  surer]  all  t  to  docom]  osc  into  carbon  tetrachloride 
and  carbon  dioxide,  while  iron  oxide  anu  charcoal  uecornposc/  it  to 
i-hosyeno  y- 


2j& 


n 
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cico2cci3  =  cci4  +  oo2 

ClC0oCCl*  =  2C0Clo 

Some  preliminary  experiments  seem  to  indicate  that  in  a  sealed  tube 
.  at  constant  temperature,  the  decomposition  of  superpalite  in  presence 
of  iron  oxide  doe:  not  run  to  an  end,  ever,  though  the  reve.se  reaction 
does  not  take  place.  Jhis  raises  the  question  whether  the  Germans 
,  really  put  a  mixture  of  superpalite  and  phosgene  into  their  shell  or 

■whether  the  extremely  variable  concentration  of  phosgene  nuy  b-  due 
to  the  catalytic  decomposition  by  the  steel  shell.  Jhere  are  no 
experiments  as  yet  to  show  -..-hat  effect  chlor’  icrin  has  or.  shit  de- 

n 

conpositior .  In  the  canister,  ..uperpali ce  is  decora:  osed  by  the  char¬ 
coal  to  phosgene,  ".’hi ch  is  thor.  decomposed  by  moisture,  nuperpalite 
Is  also  decomposed  readily  by  sodu-lime. 

Bronacetone,  CHcBrCOCH*  is  a  water-clear  licuid  which  t  . m.s 
brown  or  black  or.  standing^ owing  to  charrir.  ;.  It  boils  with  decorn- 
position  at  about  126°,  and  the  vapor  pressure  of  the  cr  ide  t  rouuct 
is  1.0  ns  y  at  10°  and  9.0  n rt.y  at/20°.  It  is  not  quite  five  times 
as  dense  as  air.  Tne  density  of  the  liquid  is  giver,  as  l.GM  at  0° 
vr.d  l.GGS  at  20°.  It  causes  lachrymation  .t  0.CG12  per  li  tor 
^.21  p.p.m.)  when  pure  ana  at  o.oo.l  mg/  par  liter  when  coi.tainiij 
2Cr#.  ohi  raceton«  (Marconi  to )  although  the  ca lor .ce cone  it  a  poorer 
lnekrynator  than  bromucetonfc.  heiip  fairly  v  jlati lc  a.  u  readily 
decomposed,  it  is  classed  as  a  non-perci stot  t  liOhrymtor.  Jrooec 
can  advance  a  few  hours  aftor  the  shelling.  Bronacetone  attack' 

* 

steel  ar.b  most  ofchr  metals  a:  U  tuust  be  used  in  .hell  lined  with 


lead,  glass  or  enamel 


Bromacetone  is  onl;.  slightly  soluble  in  water;  but  readily 
miscible  with  alcohol  and  acetone.  Braces  of  water  stabilise  the 
product  somewhat  and  additioi.  of  chloracetone  seems,  to  have  the  same 
effect.  I'here  is  soine  reason  to  believe  that  the  instability  is 
due  to  the  presence  of  some  impurity,  but  it  is  not  known  what  im¬ 
purity  has  this  effect.  Both  the  charcoal  md  the  soda-lime  in 
the  canisters  stop  bromacetone. 

?he  French  have  manufactured  a  mixture  of  about  00;„  brom- 
acctone  and  20;..  chloracetone,  which  they  call  :.:artoni te.  In  order 
to  prevent  the  loss  of  half  the  bromine  as  hydrobromic  acid,  they 
add  a  mixture  of  sodium  chlorate  ar.u  sulphuric  acid  to  oxidize  the 
hydrobromic  acid.  Bhn  reaction  is  as  follows: 

5Cn3C0CR3  4  4Br  4  H2S04  4  !TaC10fc  =  4CH£3rC0CH3  4  CH2C1C00H3  4 
HaHSO  4  MIgO. 

Brommethylethylketone.  is  a  mixture  of  CHnlirCOCJL  bo:l- 
ln«  at  155°  and  of  CH-jCOCHBrCH,  boiling  at  133°.  It  is  made  by 

broninatin  :  mt  t  thy  i  e  thy  1  ke  t  one ,  CH^OOCH-CH-.  It  lai.hrymatec  at  O.OOd 

*  *  3  jL^ 

ny'  por  liter  (l.Sp.p.m.)  a  d  i:  rubstit  tod Wsm  bronacoto:  c  sol-1 
on  account  of  shortage  of  acotonc*  ..hell  nu:  t  bo  lined  to  prove. t 
corrosion. 

ic/lyl  bromide.  CHgC^Kj  (21  „Br,  is  a  mixtur-.  of  the  ortho, 
aeta,  and  *ara  compounds,  and  boilr  at  about  212°.  It  lach  *;r..ite: 
at  0,002  my  per  liter  t0,2b  p.p.m.)  and  is  clas:  cu  at  a  pore  if  tent 
laohrymator.  Lined  oh' 11  must  *> .  used.  Jc.h  the  ih.rcoal  a.d  the 
soda-lime  stop  xylyl  bromide,  rhe  mixture  or  the  three  ayicnot, 
which  ic  ordinarily  called  xyloxr,  Jc  heated,  exposed  to  sunliyht. 


and  treated  with  bromine.  Under  those  condition:  the  broniro  cub- 


stitutes  in  the  methyl  side-chain  ;oid  not  in  the  benzene  ring.  Care 


must  be  taken  not  to  carry  the  brorninutlon  too  far,  .c  th  dibromidey 
is  of  no  value.  Xyiyl  bromide  is  sometimes  called  tolyl  bromide 
beca-.se  the  bromine  substitution  cocrpound  of  toluene  is  called 
benzyl  bromide. 

Mustard  Gas,  so-called,  (CH^ClCHol^oelts  at  14.2°,  when 

very  pure,  to  a  colorless,  oily  liquid  which  boils  at  217°  at  750 

mm.  The  name  was  given  to  it  by  the  British  soldiers  arc  is  ar. 

unfortunate  one  because  the  compound  has  nothin  ■  to  do  wi  th  wliat  the 

chemist  calls  mustard  oil.  The  vapor  is  a  little  less  than  six 

times  as  dense  as  air.  The  wapo  •  pressure  of  a  sample  meltin  '  it 

13.8°  was  about  40  at  140°,  30  rjy'at  120°  -  125°,  20  ram/  at  111° 

* 

and  12  may  at  97°.  Gone  British  data  are  44  mry'  at  128°  -  132°  md 

A 

10  mry  at  109°.  The  density  of  the  liquid  referred  to  water  at  0° 
is  1.27D0  at  15°,  1.2G86  at  25°,  anu  1.2504  at  35°.  Owing  to  the 
low  vapor  pressuro  the  substance  car.  bo  use*,  only  in  shell  ar.d  ir 
very  persistent.  Jlu-  Germans  have  narheu  their  mustard  gas  shell 
with  a  yell o  -  cross. 

The  lethal  concentration  is  O.Ct  per  liter  i?  p.p.c. ). 

The  liquid  produces  bums  which  appear  4-12  hoars  after  eurocure 
an-  heal  very  slowly.  The  v  tr  or  also  causes  burnt  but  to  much  less 
extent.  It  attacks  the  e;t!,  causing  conjunctivitis  and  temporary 
blindness.  The  percer.taro  of  deaths  is  rather  low  with  must  arc  gas, 
only  about  &r,  but  this  ic  not  due  to  ary  lo.-  toxicity.  It  ic  became 
the  number  of  casualties  duo  to  bun::  it  vory  Targe.  1  comparison 

with  phosgene ,  whioh  does  rot  burs;  the  nkir.,  i:  thoroforc  quite  Improj-er. 


«r 
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Mustard  gas  is  very  slightly  s  luble  in  "'ater,  lets  than 
O.lp  It  Is  freely  soluble  in  alcohol,  ether,  chloroform,  tetrachlor- 
evhane,  chlorobenzene,  and  trioxymethylene.  It  it  miscible  in  all 
proportions  v/ith  ligroin  above  19°  and  with  kerosene  above  25.6°. 

It  a  pressure  of  760  100  volumes  of  dichlorethyl  sulphide  distolvef 

182  volumes  of  ethylene  at  15°  and  100  volumes  at  95°.  ht  0°  mustard 
gas  dissolves  about  3,1  of  dry  hydrochloric  acid,  it  room  temperatu re 
it  dissolves  about  or.c-  percent  of  sulphur,  t  o  solubility  becoming 
about  Gy*  at  100°.  Dichlorethylsulphide  is  hydrolyzed  very  slowly 
by  cold  water  aid  quite  rapidly  by  hot  water  to  jthiodiglycol.  which. 
is  harmless, 

(OmCICHj.S  -  H„0  =  (CH^OftCIIp)'w  -  2HC1. 

2  >y  ^  ~  *-  *  ~ 


Sulphur  dichloride  reacts  rapidly  with  mustard  gas,  forming 
the  tctrachlorosulphide.  It  is  this  j roperty  which  makes  sulphur 
dichloride  such  u  valuable  reagent  in  the  laboratory  for  removing 
mustard  gas.  dhe  reaction  also  ta.:es  place  in  carbon  tetrachloride 
solution  and  more  slowly  the  more  dilute  the  solution,  iiodiun  sul¬ 
phide  solution  reacts,  forming  the  ring  compound  5: (CH2CH2 Ig5^. 
Chloramine  -  '2  (p-toluene  sodium  sulphochloraminc)  and  tiichlorumino- 


di 

{p-toluenc  3  ouium  sulph^shloranine!  re  act  vigorously  with  mustard 
gas^jkf'formir  ;  i to,  crystal li?  3  coinpotu.dc  which  are  not  irritating. 

Hydrocyanic  old.  HCll,  is  a  colorless,  mobile  liquid  boiling 
at  20.5°.  The  vapor  is  slightly  Iocs  donee  than  air.  .’hr  toxic  con¬ 
centration  for  dogs  is  about  0.08  mg^4flisc'>  130  p.p.m. )  but  dogs, 
as  has  boon  etatod,  are  exceptionally  eoneitive  to  thi;  gas. 


I 
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There  is  o  cumulative  offoct  and  neither  the  British  nor  the  Germans 
havo  ever  used  hydrocy  u  i o  acid.  'The  French  have  used  y&  a  mixture 
called  Vincem.itc;  hut  there  seems  to  he  no  evidence  oi'  its  value. 

Cyanogen  Ghloride,  0IIC1,  i::  a  colorless  liquid,  boiling 
at  ytets  12. C°  and  solidifying  at  about  -7.2°.  The  vapor  pressure 
is  444  mm.'  at  0°  and  682  ny  at  pi*e  10°.  The  density  of  the  vapor 
is  only  a  little  more  than  double^thpt  of~air.  ThiTllensi  ty  of  tfof 
liquid  is  1.22  at  0°.  It  is  a  good  lachrynsator ^*015 
is  hi  hly  toxic,  low  concent  'at ions  causing  craiar  s  in  the  chest  :md 
higher  concentrations  causin.  symptoms  similar  to  those  of  hydrocyanic 
acid.  Lil:e  hydrocyanic  acid  there  is  no  cumulative  effect.  The  toxic 
concentration  for  dogs  is  0.20  rag^y^liter  (72  p.p.m. );  hut  dogs 
are  the  most  sensitive  to  cyanogen  chloride  of  any  of  the  animals* 

V.hen  dry,  cyanogen  chloride  does  not  attack  iron  lead  or 
silver,  hut  does  attach,  co  per.  If  moist^it  attacks  all  these  metals. 
Cyanogen  chlorido  goos  through  the  German  mash  very  rapidly,  which  is 
the  reason  that  the  allies  hoped  to  use  it  or.  the  ecteru  Front. 

It  is  stopped  by  the  oner  lean  charcoal  hut  r.ot  for  wry  Ion,;. 

3roaher.aylc.vani do .  CgUrCIIBrCh,  Is  a  colorless  solid  neltin 
at  23°.  The  crystals  coon  turn  pink  owing  to  a  slight  decom  or! t!on, 
whioh  docs  not  proceed  far  ho  •ever.  The  canr.jorci.il  product  molts 
at  10°  -  22°  and  the  cry;  talc  aro  varyir.  -  chides  of  dark  hro  often 
vj  th  a  marked  greenish  tinge*  Tiio  vapor  pressure  is  gi  c..  as  0.025 


taa^  at  0°  and  0,250  era/  at  iC°.  The  comi  ound  docomposor  hef  >rc  tho 
boiling  point  is  reachod,  ovon  1“.  a  high  vacuum.  The  do:.city  of  ‘.ho 
solid  is  about  1*51  at  25°. 
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Brombenzyl  cyanide  ic  a  very  effective  lachrymator.  host 
people  can  detect  it  at  0.021  arts  per  million  and  are  Lichrynsated 
at  0.04  parte  per  million  (0.00033  mg liter). 

Ihe  compound  is  insoluble  in  water,  moderately  soluble  in 
oold  alcohol,  fre-oly  soluble  in  hot  alcohol,  and  soluble  in  ether, 
glacial  acetic  ^cid,  carbon  bisuLphide,  and  boucene.  It  is  hydrolysed 
very  slowly  by  boi  tint:  v/ator  ar.u  by  cold  solutions  of  sodium  hydroxide. 

.4  cold  alcoholic  solution  of  sodium  hydroxldo  decomposes  it  rapidly, 
forming  sodium  bromide.  It  ic  oxidized  slo-ny  by  potassium  rormanganate, 
b leach i nr  ov/der,  chromic  acid  mixture,  etc.  irom'conzyl  cyanide 
attacks  all  metals  except  le  d  rapidly  mid  does  corrode  lead.  It 
would  probably  have  to  be  loaded  in  enamel-lined  or  ;lass-lined  ciell. 

Che  magnesium  and  kaolin  cements  are  satisfactory  in  presence  of 
bromben.-.yl  cyanide. .  It  does  not  *eact  ith  ciustar1.’  £: so.  .’he  charcoal 


in  tho  \nerican  c  mister  stons  it^err'woll;  but  .he  German  charcoal 

*“7 

.inoears  ae*-  to  oe  eer  effective. 


Ch.oraccto  horning,  SgHgCOCH.CX,  is  a  colorscsr  crystalline 
solid ,  neltij:.:  at  58°  -  53°  and  boi liny  at  245° —  2*:7°.  fhc  vapor 
pressure  is  abo.  t  0.003  rry  at  0°,  0.013  ray  at  23°,  and  O.Cbi^at 
37°.  The  density  of  the  colic  is  1.334  at  0U  and  1.203  at  bl°.  fho 
pure  confound  causes  lachryma.ion  in  the  majority  of  cases  at 


0.00031 


ny^Aliter 


(0.04b  p.p.rs.),  so  tnat  t.ait  cubstal.ee  ic  about 


equivalent  to  brow-benzyl  cyanide. 
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Chlor acetophenone  Is  insoluble  in  v/ater  but  soluble  in 
alcohol,  benzene,  ether,  and  chlorpicrin.  It  is  soluble  to  the  extent 
of  two  percent  in  pure  silicon  tetrachloride  but  is  insoluble  in 
conniercial  silicon  tetrachloride  and  titanium  tetrachloride.  It  does 
not  react  with  ammonium  nitrite,  trir.i trotolueno  or  amatol  v:hen 

heated  at  100°  for  tv/enty-four  hours.  It  c.ui  be  ucea  ir.  steel  shell. 

O 

2thyllod~icotase,  CHoICOgCgHg*  is  a  odorless  oil  of  extremely 
penetrating  odor  which  turns  bro  .*n  in  the  air  with  liberation  of 
iodine.  It  doconposes  if  boiled  ir  the  air.  .’ho  vaj  or  pressure  is 
250  mrn/  it  143°  and  0.0V  el  Vat  30°.  The  density  o:'  tho  lioujd  ir 


7: 


1.852C  at  4°.  '.’he  toxic  concentration  for  do.;s  it  about  1.6  rr;./ 

per  liter;  but  th*:  substance  is  primarily  a  lachrymator.  Tine  people 
out  of  ten  tested  v/ere  lac;*rymtoYtt  0.17  parts  per  million.  >  -in.; 
jo  tin.  scarcity  of  iouine  this  is  not  a  very  sati ; factory  substance 
for  •-.•or  purposes.  It  six.  made  by  th.  .  nylith  at  a  tit*  ..•hen  the 


price  of  bromine  was  very  hiyt, .  It  is  made  by  treat! .a:  alcoholic 
solution  of  ethyl  brenuoetate  of  ethyl  chloruoetate  with  yard-rod 
potassium  iodide. 


-loroloin.  CH.,CH  CKO,  is  a  colorless  lira!..  with  a  punyent 

w 

smell,  boilinj;  at  52.4°.  ?hQ  vapor  is  only  about  1.5  times  at  dc’ue 
as  air,  which  is  a  distinct  di euuvantas*:.  It  Is  primarily  a  1  ichry- 
nutor,  one  part  Ir.  a  hundred  thousand  be  in  intclorable.  It  Is 
about  as  toxic  as  phoa^cr.o,  ha-ovor,  ar.d  Cuurct  nausea  and  heart 
trouble,  boridvc  affect i •  th*'  memory,  dnoe  it  was  not  storpoi.  -oil 
b-  the  early  Herman  nu  he,  yreat  thi a ;r  -en.  ex'.rctod  of  thi;  yas . 

It  is  not  stable  undo r  ordinary  conditions  a::d  •  clymori  res  readily. 


.Vfcile  one  can  stabilize  the  compound  in  the  laboratory  fairly  -.veil, 
it  is  a  very  difficult  matter  to  do  this  on  a  commercial  scale. 

The  a' reach  have  used  it  a  little  in  hand  grenades  fo:’  clearin';  dug- 
outs,  because  it  v?ac  not  necessary  to  store  the  material;  but  it 
v/ould  bo  a  v:aste  of  time,  77 i  th  our  present  knot/lodge,  to  send  acro¬ 
lein  across  the  sea. 

Arsine.  hsll„.  is  a  colorless  and  almost  odorless  ras. 

"  1  %J 

boiling  at  -55°.  It  is  less  than  three  tines  as  dense  as  air.  The 
varor  pressures,  as  determines  by  Faraday  in  1845,  are  S.jL  atmospheres 
at  0°  and  13.2  atmospheres  a.  15.0°.  The  density  of  the  liquid  is 
giver  by  ".i  alter  and  ryere  as  1.47  at  -10°,  1.44  at  0°,  and  1.37  at 

liter  (20C  p.p.:a. } 

hi  raid  ar:  ino  does  not  redder,  litmus.  The  g..s  decoi.ipoccc 
fairly  ra  idly  in  air.  In  a  soaled  ;1  .sc  t  ;be,  it  decomposes  into 
metallic  arsenic  and  hydrogen;  but  thi::  charge  does  r.ot  tube  7  lr.ee 
:hor.  the  tube  contains  liquid  ursine.  Tuc  dec  cm  ocitior  seems  thorefo -c 
to  be  due  to  the  c  .talytic  motion  of  th  .vails  or.  art  in-  vapor. 

It  ha-  not  beer,  used  in  fas  warfare;  but  if  tho  ••Mr  had  lasted,  the 
lilies  might  havo  ex;*rina!.ted  th  li-vui  -rein-  in  cylinders.  There 
havo  almuye  boor,  ranorc  that  the  demurs  :o re  colh;  to  «•  c  it  and 
consequently  protection  against  it  had  to  be  supplied.  either 
charcoal  nor  soda-lino  stop:  it  satisfactorily;  but  it  is  stopped  by 
soda-line  granules  isgsre ,nntod  ith  sodium  pc  raovj.ji.to.  Thu  potassium 
salt  is  less  solubl*  and  c  nnot  bu  used. 


90O 

• 


The  tosis  concentration  for  dogs  if.  0.10  WfJ&t) 


30 
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ul^henylchlorarrlne.  {CcHs^.lsCl,  is  a  :  olid 
0  0 

melting  at  about  44  and  boiling  at  about  330  .  Tho  v  p.or  pres¬ 
sure  ic  25  nsn  at  233°  aid  7  ran  at  180°.  The  density  of  the  vapor 
ic  about  nine  tines  that  of  air.  The  density  of  the  cryst  .le  is 
1.4233  at  16°.  It  is  ucod  in  :hell  in  rrec.nce  of  high  explosive 
hioh  scatters  it  as  a  very  fine  po>.vdor  or  moke  in  the  air.  The 
Oernunc  raarted  thes  shells  itn  a  blue  cross.  The  lethal  concentra¬ 
tion  ic  about  0.1  rag  per  liter  but  the  :ubstanco  ic  ucod  chiefly  to 
cause  sneering  and  thus  to  force  removal  of  the  raack,  and  i:  often 
Called  "sneee  g.s."  It  Can  be  dotoctcd  at  or.e  part  in  a  hundred  million, 
produces  nasal  irritation  at  one  part  in  fifty  million,  and  is  intoler¬ 
able  at  one  part  in  a.  million,  attacking  the  eyes  as  oil  ,;c  the  respira¬ 
tory  tr  et.  It  ras  first  used  by  the  Germans  in  July  1917.  It  is  not 
soluble  in  rater  or  amnonia  but  is  readily  soluble  in  alcohol,  other 
or  benzene.  It  i c  hydrolyzed  by -rater  tc  lCcH5)2*c(3l  and  Is  oaidiced 
by  concentrated  nitric  acid  to  •  iphcnyl  arsenic  acid.  Chlorine  destroys 
the  irritating  offect  of  Uiphcnylchlor arsine,  prob  bly  cue  to  form  ;ti on 
of  (0cHg)21cC13  or  CgHg)2'50Cl,  though  it  is  possible  that  the  chlorine 
cith  r  causes  ;ho  agglomeration  of  the  moke  or  causes  it  to  be  .topped 
by  the  ciniitor.  ihosgene  has  no  such  effect  but  ’hosgene  cont  ining 
one  percent  of  chlorine  docs,  ami  it  it  stated  th.t  a  narked  increi.se  In 
the  opacity  of  tho  chud  Is  noticed. 

The  vapor  of  ulphonyl  chlorarcine  ic  stoj  :od  by  ch-rcoulj  but 
the  rutpendeu  .ubet  jico  p  ic:oo  through  eith-a*  as  •'olid  or  li  ui  ‘  and 


oust  be  stopped  by  special  paper  flltorr  or  otherwise. 


Phcnyldichlorarsino.  CgHglcCLj,  ic  a  highly  refractive  liquid 
boiling  at  252°  -  255°«  The  vapor  pressure  ic  27  vsy  at  142°.  The  sub- 

st:aice  blisters  the  skin  much  more  rapidly  than  mustard  gas.  burn  up 

to  four  days  ola  .ould  be  judged  5-4  times  as  extensive  as  a  mustard 
gas  burn  of  tho  same  age  anu  equally  as  severe.  The  bums  heal  more 
rapidly  than  those  from  mustard  gas,  so  that  the  usefulness  of  tiiic 
liquid  is  not  established.  A  GO^  yield  can  be  obtained  by  heating  tri¬ 
phenyl:  ir sine  arid  arsenic  chloride  in  suitable  proportions  in  an  auto¬ 
clave  at  250°  for  14  hours. 

+* 

(GgHglj  U  iAsClj  •—  3 (C^Hjj ) asdlo • 

Ilethyl  dlchlorarslne.  CHjAcClg,  is  a  colorless  liquid  :ith 

a  powerful  burning  odor.  It  boils  at  131.5°  anii  has  a  vapor  pros,  ure 

of  about  2.2  ran  at  0°  and  19. S  mm  at  35°.  The  vapor  is  between  fivo  and 

six  tines  as  dense  as  air.  The  density  of  the  pure  liquid  ic  givon 

by  .ichtcr  raid  3yerc  as  1.073  at  0°  and  1.81  at  35°.  The  toxic  con- 

>Ut 

centration  for  dogs  is  O.aO  mg/li tor  (78  p.p.m.  J  The  substance  begins 

i 

to  irritate  the  nose  at  a  concentration  of  about  1.3  parts  per  million. 

.vs  a  liquid  ^methyl  dichlorarsine  ic  less  irritant  to  the  tidn  thin 
phenyl  dichlorarsine,  but  she  vapor  is  much  more  irritating  oring  to  the 
higher  cor.ccr.tr  .ti ons  attainable.  The  advant  tge  v.*hioh  this  substance 
may  have  over  mustard  gas  is  that  there  may  bo  a  large  number  of 
casualties  due  to  vapor  burns.  It  also  goes  through  clothing  moro 


In  audition  to  the  toxic  gases,  several  subst jicec  h.vc 


been  used  as  irritant  or  concealing  smokos. 

Phosphorus  is  prepared  by  heat  in  phosphate  rock  vith  sand 
an.:  coke  in  .ai  electric  furnace. 

-+-  t-  4*  +• 

GasiPO^J  jalwfr  3  JiCo  piue  5G  r  3  Ca-iO-  ulus  50  o  pluc  xP. 

< 

Phosphorus  cones  on  the  market  either  as  dille  (yelio.:)  or 
red  phocr.'horus .  -It her  ;'errn  burns  to  phosphorus  pent oxide  jjui  is  then 
converted  to  phosphoric  acid. 

4?  ^  50  4f  6H20  «  :;?20G  |  6H20  .  4K3P04. 

aince  one  pound  of  phosphorus  takes  up  1  .33  pounds  of  oxygon 
and  0.9  pounds  of  •  tor,  it  i:  not  surprising  that  phosphorus  is  the 
best  -.moke  producer  per  pound- of  material.  In  addition  to  its  uso  as 
a  moke  producer,  it  U  used  in  incendiary  :hcll  ane  for  eo  -.tine  cr  cer 


bullets.  Por  incendiary  shell  the  Jnglish  use  a  very  fine  •  ov:uor  or 
red  phosphorus  mixed  1th  1r.vine  its  .-eight  of  hitc  phosphorus.  J.a  cri- 


ments  in  this  country  indicate  that  a  better  procedure  is  to  use  ..  con- 

t 

glonentc  of  lumps  of  red  phosphorus  enbeddou  in  :hi tc  phosphorus  be¬ 
cause  this  mixture  bums  less  rapidly. 


Tin  tetrachloride.  fcnCl^,  is  a  liquid  made  by  treating  tin 
’.'ith  chlorine.  It  boils  at  114°,  ar.d  fumos  in  moist  air  becauso  it 

hydrolyzes  to  stale. ic  hydroxide.  I 

-h  +■ 

UnCl4  plus.  4K20  =  &n  (°5J)4  plus  4  IIC1. 

It  makes  a  better  and  more  lrri tuting  smoke  for  shell  ar,u  hand  grerados 


trial:  either  silicon  tetrachloride  or  titanium  tetrachloride.  It  goes 
through  the  charcoal  and  the  soda-lime;  but  is  ctoppe  by  the  layers 
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of  cotton  v/ool  in  tho  canister.  „ince  there  is  practically  no  tin 
produced  in  this  country,  silicon  tetrachloride  and  titanium  tetra¬ 
chloride  hav-  been  developed  as  substitutes. 

Silicon  tetrachloride.  Ji0l4,  is  aid e  from  silicoi.  or  from 
impure  silicon  carbidfoy  hoatiug  with  chlorine  in  an  electric  furnace 


bi 


n  Clo  —  uiCl^. 


It  i.  a  colorless  liquid,  boi liny  about  50°  and  funiny  in 

A 

noist  air  orin;  to  hydrolysis 

-b-  +~ 

~iCl4  plaw-dlhO  «  hi  ;  II  )4  pte 

It  is  not  much  yood  in  shell  but  it  bettor  on  moi.  t  cool 
days  thai:  or.  -.nrr.1  dry  ones.  x  ammonia  cylinder  and  a  silicon  tetra¬ 
chloride  cylinder  v/it'a  li-.uiu  carbon  ul oxide  as  propellant  ,;ivo  a 

first-class  smoke  when  the  .jet  from  the  two  cylinders  i:u  inyc 

+"  •+  + 
wiGl^  pl«9  4rf 0  pith,  4.IIy  «  Jii(H)4  pltts  'HI^Jl. 

This  is  used  in  the  .  .ivy  smoke  funnel  to  retect  vessels  from  sub- 

UA. 

marine  attack  and  m  portable  cylinders  to  mask  tho  adva3.ee  o*'  in- 
fat.  try.  by  addiny  a  l.iChr.’m.otor  to  silicon  tetrachloride  v/e  yet  a 
mixture  rhich  /orkc  -./oil  in  hand  yrenadec  f o  •  mop  -in  u  trenches. 

Jit  atium  totr.-chlorluo.  JiCh,  is  made  fro;,  rutile,  JiiV, 
by  ni  sin;  with  carbon,  and  heal I  ny  in.  an  electric  furnace.  •.  carbon- 
itrido  is  formed  which  ii  said  to  have  th-  ortpocitiou  but 

the  uctu  1  com position  my  vary  fro.;  this  to  the  carbide  ’id.  act: 
those  products  arc  he  tcu  with  c.'.l  u*in«-t  titanium  tot  • .  thlorlde  is 
formed.  flair  i:  a  colorless,  stron.;  y  rcfractir.  liquid  rhich  boils 
at  about  136°,  lc  stable  in  dr;  air,  .n.r  fu.ee  i:  moist  air.  It  is 
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said  that  the  addition  of  water  to  form  JiC1^5H„0  elves  a  h’ood  smoke 
and  that  the  hydrolysis  to  eivec  a  poorer  smoke.  'Jit  nium 

tetrachloride  ir.  poorer  than  tir.  tetrachloride  and  silicon  tetrachloride 
in  hand  grenades.  In  the  smoko  funnel  it  is  hotter  than  tin  hut  not 
so  coou  as  silicon.  „ir.cc  it  costs  more  than  silicon  tetrachloride, 
it  would  real!;-  he  used  only  in  case  of  a  shortage. 


Cr  aiiisRAL  Drl tCn  JT 

la  February  of  l‘J17,  war  .ctv.eoi.  ti»u  United  L'totet  m... 

Germany  eecmcd  inevitable,  ro  tins  Oiroutor  cf  tm  bureau  of  ’iimn-,  Mr.  Van. 
d.  .,  c-ilod  Xi.«  u  iw-ticn  of  iho  ....r  „iq  ...  UM..t  to  taw  alrv-Cy  c.\i«t- 

1:.;  tcOn-ic.-I  orgs-nitation  in  ti.e  Bureau  for  txte  study  of  poisonous  iu 

mints,  and  offered  Lhu  facilities  cf  .i.e  bureau  to  xi.e  w.ir  Dop-rts-iont  ior 
work  on  poisonous  rates:  in  wu.rfj.re.  .1  meetii...  v.s.s  ariut^c-d  ictvroen  rep- 
r«  :  4nt;rtivei  of  tr.o  Bureau  ns—  the  V<  .r  College,  tins  l  iter  organi .ntict. 

.  „i:.  at  re:-*  ntec  by  hri, >  :itr  Jone.ul  Kuhn  <w;  Major  L.  P.  Williamson. 

At  i iii:  ccnfurcs.ee  i».e  udr  Dap  rtreent  uccoptod  eutnui iaeticaliy  the  offer 
o :  a*.  1  ur t;uu  of  Mir.es  «.;  t  agreed  to  support  Luo  work  in  every  ay  poor idle. 

Mr.  George  bur roll  »p  :  unrci.ei  to  ..s.hington  in  April  t;y 
Mr.  Manning  s*n:  placed  in  ciiargw  of  the  ..ork  *nich  «r*o  carried  on  with  tho 
funds  of  tho  uureuu  of  .'fines  until  July  1,  1917,  ..fter  Anion  funds  \;o r« 
iui.:  li«.d  i .y  uno  ./ .r  jsqji.rtno.vt  and  ii  .vy  Department . 

rtt  the  first  meeting  called  by  Mr,  Maiming  for  Llm  technical 

solution  of  ssotio  of  use  procl~sne,  there  wei'u  >  res  ent: 

Mr.  Vtsn.  H.  Manning,  Director,  bureau  of  Mines 
Ur.  Goo.  5.  slice,  Cilia f  Mining  Engineer,  bureau  of  Miner 
lir.  J.n.puul ,  Mining  Engineer,  bureau  of  Minors 
Mr.  A.C.  >'ieldnor,Cidof  Ciiemir;t,  Pittuburgh  station, 
bureau  of  Mines 

Dr.  Yancloll  Hendoroon,  conculting  phyoiologiet,  bureau  of  Uince 
Prof.  .V.  *£.  s'jibbo,  ?fochar.ical  Engineer,  Bureau  of  Minoo 
Major  L.  P.  Williamson,  War  College 
Mr.  G.  .i.  Curroll. 

In  npril  the  following  committee.  on  garoc  uuod  in  v.-irfnro  vns 
s'ornod  by  tho  nation  si  Keee  .rc  n  Council  for.  tne  purpore  of  cooperating  with 
tn-.  dure  iu  of  .‘finer.  : 


'h'.  Vu:..  ti.  iir. dualr-in.,  Mii'cctor,  U. L. bureau  of  Mines 
Col.  £.  i.  Babbit:,  Officer  of  Ordnance, 
ttijor  L.  P.  V/illii.T.i'Oii,  'Judical  i)ep. ariaiuit ,  U. 

Lioutor.uvt  :.  'i.  ,'ilkinr-cn,  Bureau  of  Crdniu.cc,  U.L.U.. 

Medi  CUj.  jXi  '.'C  irO  *  ,  J  »DaU'^tt!^OOu|  ..ui.XCal  O J-  - .  1  w.'IK'li  |  X  •  >  •!«  • 

U.T  .’dogort ,  Profesc-or  of  Organ!..:  Chemist  i*v,  Columbia  University 
_'•.* •  Carl  I**  iklfcoor;*,  Gitidi (  oi  dx’tryi  U.L.ucji  ..rt* 

uiaiit  o:  Agriculture . 

•i  fee  months  Intel*  tae  ce-Uid-t-toe  ,un  r«» fcned,  owin  _  to  Lac 
rex.*  Oi  c-j't  .1..  ur  r  am  *t  vy  oj  fleers,  -a  ioxJ.o-..s; 


ulx  *  n .  1  j ,  jii1  a n . 1 1 1  L'X i  uuiO>  |  lu  ox  - ux not 

dr.  duo.  a.  iiale,  ex.-of  .icio ,  Lcie.icu  .wi  nunc  ,rch  divi  inn 
it  xtioirll  :i£tj{jx  rc.l  GoUi'isiJ, 

Major  ii.  ?/dllikar.,  o.\-o  T  .‘icio,  -l-cience  a.i.i  at.-:, eared  xivixicn 
national  r.eoc  .roll  Council 

dr.  C  rl  l.  -.li-borg,  Cuiaf,  rurenu  o  i  C.»c:ii.-  ‘  ry ,  b.!  ,..cj  ..rtr.erxi 
of  Agriculture. 

Major  ..  J,  At  kief  on,  ;orj>.  of  Ln^xneyn  ,  <J . 

/Br.  *•!♦  T.  Ixogorl,  national  ■•ci.  Council 

*J . jor  p-r  .alloy  i-e.-.oy,  ’u.v  i-cfo.icC  ec-rvi  xc,  bux^t-on  Jener,.!'  t 
On fice 

LXt-'ltcua.t  -Jo'll*  V..i  •  cr  ...  A.  Mii'lls,  -J.b.l.. 

ideate:*.:.. .t  Jcrojh  rt.  Puclp..,  p  .A.Cur  jcr  i.,  *.urv  <u  of  *.!... li  ui..«  md 
Ljur  cry,  U.v.h. 

■j* .p  t  -Xi.  n .  J.  •« .  !)•  i  .xo,  xui  -i  o.  Crxii  -iit'c,  'J. .  .... 

Licuf  <*n -.v.t  'f.  Z.  Ailkinron,  bureau  of  Or.in  i'icc,  'J.f.i!, 

after  tm-  litur  r'  uro  Oil  narf-.ro  received  in  inis  count  ry  from 
Franco  uni  dnjl  a.  '  a  ..i  bo-.:  digested,  definite  linn  of  rase  .run  were  mira  ed 
cut.  It  v/..c  fvlt  .t  tax  3c :  t  import  u*t  -ork  n.r.l^  fo  fo  * ri  '  ii  -rim  I'girnlinf 


j  ‘.r  minks  fox'  m*.  .rmy.  "ni.  Me  c.t 


•:'on  reoal,  i-oda-limo, 


:-.aJ  v-iii oui.  need-.  i-:.:!  p  -i*tc  of  tii*  ii-.uk,  *-uc«  .xo  the  fiooyiocy,  elastic!.1, 
•eyepieces,  nourhipiHcet ,  no*  oclijj ,  note,  cunt*,  valves,  etc.  ..ork  war.  started 
at  'no  Bureau  of  Miiico  Laboratory  at  Pittoourju.  One  ol'  tuo  firt-t  men  ad. Jed 
to  Ur.  bur.  ell*  e  otaff  wuo  Brndlny  Duv/ey^reuo-ireh  onemi  L  foi'  ..m  ..  :eri x.n 
timet  x  Tin  Plato  Company  at  Pittsburgh.  It  vjuc  noon  doer-ied  advioahlo  to 
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('p  -l  ■  '  '•tf  vl4»-  i  l  ■  t*U  r  L'l  1*1  *1  *  1  (  (l>u  <4*4  1  i<  .1  Cll  C  £  t  .  .  4 


,lSi7 


’»’•  u~\;vy  'H-s.fi  vioiieJ  —  ci-joi  in  xne  S it.-.ry  00 j*p  .tun  vxu-  r  i.tced  in 

c.i  .rjo  of  tae  :>ti  Dofonso  Service,  hi:  iuty  beitt, ,  to  rv.i.u :  oture  r...t  k:  ,rr- 
all  appurto.i.;..ces,  „hiie  Mi*.  Burrell  rnnkiiii  .u  lr»  ch-.rje  Oi  til  tne  rec-u  .roh 
v.o  .  rhu  Keoearch  St  ff  grew  i-o  *'*ii  ly  c.i  t  euf  ficici.t  1  ..  i-o  r  .ori.i* 

.  ore  n;  ■  .v  .11  .hi-  eix.»or  in  ‘..Umin  :ior»  or  i..  unv  o.:<-  place .  before  Ion 

crk  j.  f  lei.i.;  carried  nut  .t  Lut.  Buro.-iU  of  'fine:,  FittJ-bur  ;u,  Fu.: 
ii  iiot.'.l  C  rhon  Company,  Clovoluiil,  Ohio;  the  ioruf  t  product*:  Un.or  -lory, 
ii.fi  on,  ..i.concin;  the  TJnivcrt-il/  of  ;..i  o;  tn*.  iwtv  «»*ch  n  •  <  r  .tory  of  the 
a  v-rican  Sheet  x  Tin  Fl-te  Company,  pittubur^u,  Pa.  j  Lin-  Bureau  of  Jliemintry 
J.tuor  to ry,  .ruin  j  Ion,  ;.C.;  the  Y  -lo  ‘.icdicJ.  School  Lacor-lcry,  hi...  hivou, 


Conn. ;  the  L!no menu:- otto  Inetituxe  of  Technology,  C;.:.ibri'awi»,  cue  iftiion 

UfC  dU+XAMtA*. 

.  I.-t  ii i.  ito ,  I itxebur^n,  pa.;  an.  eliev/nere.  In  iue  fcuu.ier  of  1‘j17  T,uviini;y < 
ut*  ifa  fas  yjsU**A4  CHMkfdif )  dU  fr“y  rice. 

ierttr- were  •«aa»nir*»fo  -uidvgrci  by  let  (U  Uutnurtiat  / 

0L  jf^ni  dU*L  ^ 

C~ ia  ZuLL-J  A^b  VtTiJ  bi  u u:rhn  ^  ’tuuurr  labor- .to rim-  became 

avail  IlIu  in  tuo  autumn,***  j^rfcor  x..«;  G-inoli c  'C..iver.  i :.y  of  .vuericu  j  i  .rod 
p.i't  of  ite  che  dc  .l  1 1  oo  r- .  to  ry  at  ’ u~;  ii : j  o :  tl  of  tu>.  Bureau  of  “'inm  lor 

r«ie.rch  v.o rk.  _ 


The  procurement  of  toxic  ;;..i;oo  .  I  no  fiitin.  of  euull  *;  .r  ..e- 

i-i  ;r.cd  to  th>;  Tr«iic*i  i/tirfuro  Section  of  tuo  Ordnunco  Sep.irtnient,  Cuptain 
(aftsrvardp  Lt.  Colonol)  JJ. J.V/.Hu^ctlule  in  ciu^rge.  In  Juno  1917,  (kmei'vl 
Crozior,  tnon  Chief  of  the  Ordnunco  Department,  approved  tiio  y.enerul  pro- 
porition,  pubnittod  by  Captain  Hugadalo,  of  bull  dng  u  ouitnble  plant  for 
fillin;  fholl  rdtn  toxic  gfib. 
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..iiilc  i'uu  i-txliory  ii—iullu  smell,  c-pecial  troops'  :.ro 

required  for  cylinder  uftucks ,  fctcktst  aorturt,  niveno*  uruat,  e-tv*  dexiorul 
I  or r ..i r.r  ucec r..i;u;ly  lutvisod  by  cubit,  tau  oivy.nii-e.iioi.  -iiu  tr  .ii.ij.__  oi  tucii 
1. 1  cep.  ....v.  i  o  co  a.-.e  s...  oo  sji-it  .noy  lo  pi  .c tjo  (  m  i*.  luo  l.jl. l1.  .. |  u.tucr  t^u 

juris uicticn  of  . njiueer  Corps.-.  Cx.  AUjuct  15,  1917,  tne  Jern,-r;.l  :  t  iff 
authorized  or»u  re;i:nonfo f  car  ;-.n. i  >'iu:*.o-  troops.-,  cxa. cii  as  dt.-s  i._j— tea  txxo  COtn 
lb.  -Ir.ot-r:  .  Uujcr  (u.ft<  r..:.r«’o  Colonel)  a.  J.  utkios  on  \.i. :  place'.  ix.  ex.  .r.;o. 

At  first  it  wax  ix.tei.-ied  tsuit  tnie  rejinex.t  ix.oulb  ccns-ict  1  -rw*-iy  of  c.ic..U.tts 
but  it  rn  poix.tt*.;  out  by  ix»o  Pritiiu.  officers  ir.  ini’  i.o’-i.lry  tju.t  u.ii  ..us 
s.c  ■  i.t.oicr  . ry ;  .  cor.ecqu.i.ily  rsany  of  iiio  -cisera.:  It  were  tr:u.s ft-xved  s  o  -.nut 

ti.tir  PTtjci- i  tr-i ».irt'  ni -.it  be-  utilize.,!  .-sore  .  f  it-ctively. 

In  f.e i  *.<  r,.  i.r  1517  i  ;  .*  re for.r  c  : is- Its  Tr-lnin..  rod  ion  m-ci  boon 
ot-.i  tea  ir.  t..e  [unitary  Jorpt  under  C-p4.  dn  (-.ft  or.  -.rus  i.ixjcr)  J.  Am  .•uiten,  J 
It  rnr  soon  four.,  tisut  iieitner  tiic  r r-.iiiir.  ,  ruction  i'.cr  \u  .ivii.icix.--l  ,;..o 
Officers  should  bo  un  .tr  tut-  Medical  '  cj..rtaei;t  un  !  in  J-.nu  .ry  191u,  tno 
ort;uxiU;  ulic«.  wit-  t  x'-xxol't-rrod  to  tuts  .  in.  i  no  or  dorps?. 

In  txxo  oprinu  of  1917  Professor  J.  u.  ;».-.lctt  of  p x’i ucct oi:  Uni¬ 
versity  ..-us-  i  L,.t  i-mu;  by  tui  bureau  of  Miner  uxu  txxo  iA.tiox.ul  hoeo  xon 
Council  to  r?tu..y  tilts  quus-ticx.  of  — r  onemi stxy.  it  \.nr  i  r  en  l.u-t 

u.i.-.i-'u  s:tfj.f  aui-t  .u  i  .bo,,  to  develop  curf.rsx  ui.u  I  ro  l’usa-cr  ni.iett 
returned  to  tnisi  count  x*y  vritx»  u  let  fur,  on  tod  uUjuii  ■*,  1917,  ixx  nidi 
General  F  »;i*f-x»in  .  eui.1:  “f.r,  riuletl  hue  beoi.  of  tx.c  -r«  .tort  .u  s  iet-.i.tu  to 
tiiir  office  in  tne  study  of  its  o rjjujiizution  ui  u  -Ac  Servlet  iii-u  it  is 
-.e fired  ;o  e-.ili  ::e  i«.  cur  or.;  nil  rustier.  .J.:  very  x-t  technical  ki.o-.vlf s.^e. 

It  is  reco t '.oxxicd  'irrt  nil  .noriicu.1  or  "mi-  Service  ol'  txxo  United  rt-.tcr  bo 
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JUf  T.tU 

o Mi. .us.-  .t  tno  -  Oi’io-n  University.  "ho  beiiof  V/a: 

doo  c;.j  i'ur:iuu  tm-t  ti  ii  .ti-.et  £.id  service  sjnoul  .  be.  out  .Ulitxied 


. 


oner-T.x/ij  under  cu«.  xxeud,  the  Director  of  —  i  Service,  .no  should  report 
din.-etly  to  ilia  Chief  of  Stuff  ana  unc  should  nave  ui  nit  ,;n 

assist  .nt  ircotor  of  'Jus  Service  in  the  Ordnance  ajp.rtnciit  in  isi*:ic  „i..te 
charge  of  tne  production  of  ^ue  shell  r.f  projectiles  .n:d  otner  offernivo  up- 
P— "■  t-:.-,  xn  Assistant  Id  rector  of  Jus  Service  in  charge  of  the  Cnimueal 

::e.-vioo  Section.  Too  Bureau  of  Miner  objected  to  inis-  plan  or.  the  -round 


t:i-t  jre.it or  flexibility  for  rose..rch  could  be  oi;t..i/icd  under  civilian 
runagenent  than  under  railit  ry  control.  Vhe  rwcoanenirtion  iieup- 
p  rove  a  by  tae  Secretary  of  ,,'ar;  but  on  O-tober  lotfi,  1317,  tin-  Secret  ry  of 
•..nr  xjtnoricod  t.n,  ect—ii;  huent  of  a  Gas  :..orvi -a;  In  .nich  un  officer  of 
c-^xiiurs  net  -Love  tm>  rani.  o.  colonel,  -nd  recocuuiiuoa  cy  tne  Chief  of 
iagineert,  onoui.l  be  appointed  Director  of  G~e  Service  xnd  ofuuretl  tc  report 
to  tne  Oniof  of  Stuff  for  xuty.  as  uosisU.utfc  ho  was  to  n.  v«  o».e  Crununco 
C.-'icer  not  :u.ove  x..e  rx.,'.:  of  lieutenant  Colonel,  re cv  r tended  by  ihi.  chief 
of  Orar—ace,  one  Medical  Officer  not  hoove  li.e  sunk  of  Lieutenant  Colonel, 
rr>co'T.no  udod  by  tno  fur  jeer.  General,  and  one  officer  of  tne  Chemical  Service 
Soctior.  of  the  national  .»r ny,  recormen.ioci  by  the  Director  r  f  Gut-  Service. 
There  v.':;b  autno  fixed  the  raising  a  r/-  main  lad  rir»„  by  voluntary  iv.ilist;i«ut  or 
dr_ft  of  a  Gncnicul  Service  Section  ex'  tne  I.-tioi.-i  ».riy  witu  tno  follo..ing 
porxcrmel 


Co  ami  s  si  o  nod : 

2  lieutenant  colonels 
4  majors 
6  captaino 

10  first  lieutcnuxte 
25  second  lieutenants 
47  total  cM.r.iitibioi.oci 

Unlisted : 

10  sergeants,  1st  clano 
15  oorgeunto 
20  corporals 

50  privates,  1st  clan e,  and  privates. 

5.  95  total  onliotod. 


Gn  i.o veraLv.r  let,  1917,  Inure  v/u u  crent  «d  tno  first  ■- ,:ai nj  ;;t  ; Live 
unit  of  tiic  ehs;nic-.l  service  in  the  United.  .''tatec,  wnicn  holes.  also  Lao 
distinction  of  being  we  first  recognition  oi'  chemistry  ae  a  uej.  _r.it  o 
ur-u.cn  of  tne  silit  try  service  in  any  country  or  any  war.  Colonel  Oh  io.  L, 
lottor  of  tne  Engineers  tat  appointed  Director  of  Uao  Service  u;iu  prof* 

.i:c.  a.  Violker  of  iae  Musoach assets  Institute  of  Technology,  who  had  been  for 
a  short  tine  in  charge  of  tne  Helium  production  of  the  bureau  of  ’lines  nan 
commissioned  Lieutenant  Colonel  ar.a  rnado  a: -sir. taut  air^ctor  of  Dai  :  or. ice 


and  Dai  of  of  tne  Caoni  cal  Dor  vice  .Section.  Major  S.  J.  !i.  nuld,  Cneni  c  tl 

fy  &K.  fout&k.  td&si  "}huLd  iihy 

advisor  tc  tne  1  ritish.lfiscior. ,an<  Car  t. an  H.  .7.  Dudley  acted  ao  liaison 

*  )  '  * A 

officers  for  o f for. so  ar.d  defchoe  problems. 

On  kept  amber  26<fc,  i9l7,  Oenoral  Feruiin^  luiu  cabled: 

"Dead  at  cncC  Ohe/nic-l  La  he  rate  ry  ec:"j.lciu  with 
equip  no  r.t  ar.J  pers:onu~l,  in_*lu.in:  physiological  and  jatho- 
logiu-1  sections,  for  nx<.  eaivive  inve.  il  >iioni-  c  f  ,  it- tin  ..nd 
powders^.  nrrangemo  .ts  Made  for  tnyoiologicul  cniof  fro. -a 
Medical  personnel  no.,  in  ..urops,  Tne  ulor.tory  is  to  Le 
a-urdlitry  to  the  one  in  tne  United  Ututer.  ana  is  for  local 
era  rjency  inveistig  lions  tc  Moot  iae  sem  t  u.t  ona.-gos  i..  £  ,eoe 
*nj  powders  Ucod  by  the  c*.amy  and  ly  yurt  oaves. M 


•ji\  ...  F.  ia-eon  o.  tno  Muli.oa/  l..etil.uto  of  Pit ;  uburgn  w 


•ll'  COM—  . 


missioned  Lieute.ux..t  .Lionel  to  organize  and  Lake  enurgu  of  the  laboratory 
in  France  and  Frof.  U.  L.  Lewis  of  no  U. i. vanity  cf  California  nad.hr.  ...  a. 
Humor  of  tnii  Mellon  Institute  wore  corauici.ior.ed  Majors  o..  idi  stuff.  ’.'on 


./ore  secured,  a  co.vxuta  Labor  -tory  equipment  was  j uronuson,  ..as  Lieutenant 
Colonel  bacon  sailed  for  Prance  about  Junuary  -  l«t,  1913. 


_  U9U  io r  varies  unom  jur*uary  .  _  _  _  _  , 

(•i*  dL*-/.  ff tfi. 

1  the  rier.  in  tne  French  laboratory  v/fcre  in  uni  lorn  and  belonged 


to  htO  s/ame  organization,  the  Chemical  Corvico  Section.  At  the  jnorican 


University  Erpodment  station  of  '.ho  Bureau  of  Mines  most  of  tne  research 


6 


mun  were  civil  i-nr  mu  ihot-o  who  were  in  uni  form  were  dietributod  among 


tne  Ordnance  Department,  tne  Sanitary  Corps,  luc  0017)0  of  itr-ginoort.,  the 
Signal  001730,  the  avaiation  Section,  -and  the  Chemical  Service  Section.  It 
eeeaed  wieer  to  transfer  ail  the  cnemirty  in  uniform  to  t»»e  Cherni**  ,1 
Service  Section  <r.d  to  a  .ko  pro  virion  tn  -t  tne  civili  .n  cuomir-tt.  might  be 
taken  into  tne  Chemical  Service  Section  if  they  to  der-i reu.  ..ccon.i  roly 
a  request  >?ar>  made  for  an  enlargement  of  tho  Chemical  Service  Section  to 
th-t  tho  pert-onnel  should  be  uc  follows : 

Comaierioned 

lieutenant  Cclonele  2 


2Iu  j  0  rr 

10 

'  Caj  t  iino 

20 

rirrt  Lieutenant 0 

SO 

Second  Lieut  era... t& 

125 

227 

anlirtt-d 

^ergoantc,  lot  ciaeo 

50 

Sergeants 

75 

Co  ip  0  rale 

100 

Privatuu,  let  claeu 

listed 

100 

200 

‘525 

alia  ~ ereonuol  war  authorized  on  Abruury  15lH,  1913. 

In  the  meanwhile  Colonel  Potter  had  retired  from  tne  pbrition  of 
Director  bf  Gat-  Service  and  had  bee.,  rep  1- mod  by  Lieutcr.a.t  Conmurior  ...  »i. 
tfarkt’,  who  resigned  Itir  commie :  io..  in  tne  :  uvy  au.1  —.0  aj_j.oii.tuil  civilian 
Director  of  Car  Service.  Owing  to  ilL  houlth  fir.  Marks  did  no  relive  work 


7 


-it.:  t.11  t;i..  duties  of  Tile  ofi'ico  fell  to  Li,  Coloi.ol  ..ulkor  until  ?i.,rch 
13'S^v:. :er.  he  j..s  tr-a.-vf erred  to  tne  Crdnui.ce  Doj  irtmont,  nudo  a  Colonel,  and 


ivu..  mi  .rge  of  t,ic  smell  filling  plant  jt  jy"e,,oou ,  Maryland.  To  ruceeed 


O  . 


i  j.  jJ-y  tP  CUj  Ct>tk 

^Uni varsity  S^Colet  i^w: 


aim  J  ro  f .  T.  ' ogort  of  tue^UIii  varsity  X^Colvv  iu£vmr  con vi:: :  ior.cd  Lieut. 

Colonel  un.l  apj  oi.»l«i  .it-tit taut  lir-ctor  of  Corvine  ..ivt  chief  of  the 
vl.cmicul  service  >  u-niou. 

Cue  p«rLCj.;.ol  autuc ri nation  of  February  15,  1913,  .. ..o  not  utio.iUt.te 
lor  lor.j  ..u.»  in  ..t  ril  Lieut oiiai.x  .,’oloriol  i.o0ort  requests;.;  ..u  uniarjotiont  of 
ti.w  *cf:  oxn.ei  to  *. ».w  iciio  i.:0  amount,  ..'iiiun  .ut.icritea  on  r*aj  ulfe: 

Connie:  ionoti 


Li  out  anant  Lionel* 


Majors 


CUVC  -i:.E 

i-'irot  Liou-i  •  .•m.r.ir 
!>«<::  in;  Lieut  .el  ..it  c 
Totul  Co mi  e ;  ic nod 


4U 

20 

35 

111 

255 


Jj'j 


enlisted 


Lor  ge. .ate,  lot  class 

Cergeuntr 

Jorpor  .Id 

I  rivutes*,  first  clans 
!  ri  vat & 

Total  en  .istui 


BO 

120 

170 

250 

300 

920 


Lieutenant  lolonel  logert  also  recome.,  led  on  .-vj.ril  17,  191d,  that  the 
Chemical  Corps. ,  Citeaic  U.  her  vice  Lection,  tie  made  a  sepir.te  orgaiuzsttion 
or  corps-  like  ti*e  Ordnance  or  Medical  Lepurtsncut ,  out  tnir  vrao  disapproved* 
Co  Dal  t  iilue  and  Ooiuen  yeilo.v,  uw  coloro  of  tile  .jaoricun  Chemical  freiety, 
i'dfs  .aop'-ed  .bout  iii:  timo _us  tne  colors'  fer  lee  hat  cords  of  tne  unlisted 
men,  i-ute.u  of  tee  colorc  of  tne  rlngiuecrs  ..nicn  n;.d  boon  v.'o rn  hiteerto. 

..it  jit  he  increasing  demands  of  ,:~s  warfare,  tne  clangor  of  a  *  oc- 
ciblo  short ago  of  graduate  chord  cts  coemod  threatened. 


Therefore,  on  ’Jay 


ft 


2u^i,  191d,  at  in«  urgent  requert  of  tae  Caeraio H  Service  Section,  ttiu 

Adjutant  /flneral  ordered  tnat  all  emitted  ®or»  wno  were  graduate  cnemiste 

ehould  be  aeoigned  to  duty  where  their  epeciul  knowledge  and  training  could 

be  fully  utilised  and  that  tney  should  not  be  rent  overrent'  unless  they 

i 

wftre  to  be  erqployed  on  chesd sal  lUtiee.  It  was  also  or  aerod  i  hut ^whenever 
chciite  were  needed  by  one  of  tne  Bureaus  or  Staff  Corpe^requests  should  be 
ufetdo  of  the  Chief  of  the  Chemical  Service  Section  for  recommendation  of  men 
having  tho  qualifications  necessary  for  the  particular  claae  of  work  in 
question.  If  men  having  cnonical  quali  ficaiioas  were  ranted  only  fora 
ouort  period  of  ri  i-  tney  would  bo  attached  temporarily  to  the  Bureau  or 
Staff  Corps,  but  when  the  duty  was  of  a  parunent  nature  instructions  would 
be  iseued  covering  their  trunefer.  .v’uenevor  the  encmiets  mut  attached  or 
trtmoferred  .aero  no  lon,;ur  needed  for  purely  chemical  duties  a  rojort  me 
to  be  made  to  tne  Cuief  of  the  Chemical  Service  Section  in  ordor  that  tney 

Lsai.illcd  to  cuejaicul  duties  at  etaor  u  .cec-  ...  & /  .  j-  .  M  i#A.. 

atiLkjpi-Zi  4 

4  -J-..  pr  feti  c-lly  «v~ ry  br.fnon  of  tne  United  States  ,»rroy 

had  none  connection  '.vita  Gar  warfare.  Tne  Medical  Co*pc  directed  tne  0-u 
Do  fence  production.  Cf  fence  Production  v.at*  in  tuu  i.a..dt-  of  tho  Ordnance 
ep.rtmuat.  «lura  devicor,  otc,  aero  a..te  by  tno  Signal  Corps,  Tne  Sue 
uni  llaae  troopo  fo rraed  tae  30th  hegime.-.t  of  inginoert  uni  tne  Held  Train¬ 
ing  Section  of  the  tho  .'in*-  '.'-of  once  "'r.iain^  had  been  tr. inferred  from  the 
f'<.nit.ry  fcrps  to  iUe  engineers  ’torpi.  netu.rch  work  w-e  being  carried  on 
by  tho  Bureau  of  ’linen,  a  bm.cn  of  the  civilian  Department  of  tne  Interior. 
Bet-iiao  tail-  a  Shomicul  Service  Suction  h-.d  been  formed  primarily  to  real 
with  overseas  work.  duile  the  Director  of  e  Service  nxpoctud  to  co- 
oninato  all  thu  activities  of  tho  v..lcut  departments  de-ling  *itn 


9. 


*«/ 


chemical  warfare,  ho  hud  no  authority  to  control  policy,  roco  .rch^or  pro¬ 
duction. 

In  order  to  in^rove  taoeo  conditions  Major  General  •.>,  L.  Ciburt, 
a  di stingui ened  Engineer  Officer  who  had  cuilt  the  Gutun  lock:;  of  the  panama 
Canal  and  vrno  had  commanded  the  i;iret  ii. vision  in  Prance,  v;ae  appointed 
Director  of  Gao  Service  on  May  11,  191B,  and  was  instructed  to  folttoulate  a 
plan  for  better  coordination  of  the  several  der  artments  dealing  with  gae 
warfare.  On  May  20,  1913,  General  fdbert  rent  to  the  Chief  of  Staff  a 
request  for  tno  following  tranofere: 

1st;  The  Cue  Defence  Service  of  tne  Medical  Department. 

2nd:  Tno  Edgewood  arsenal  and  all  operations  tuere  and  elsev/uere 

that  concern  tho  manuf  acture  of  gas  warfare  nuteri  il,  and 
tho  loading  of  shell  witn  gas  material. 

3rd:  All  proving  ground  operations  that  are  connected  with  gae 

wurf.re. 

4tli:  The  manufacture  of  ali  signal  and  alarm  devices  for  gae 

warfare. 

On  July  13,  19i3,  twit  transfer  as  autaorized  and  General  Si  hurt 
took  over  from  tho  Ordnanco  Department  the  ..aole  staff  of  na. owoed  ..r tonal 
under  Col.  .olkur,  and  fro  i  the  Sanitary  Corps  tnv  das  Dofe.*to  i.ervico  under 


Lieut.  Col.  Dewey.  I**ter  the  ;uc  wufenou  '.'ruini r.w  Section  and  the  Cue  and 

Plume  Troops  wore  xr ua.fcrred  from  shu  corps  of  G.. giaours  to  the  Gnomical 

a  .rf  ..rv  Service.  On  July  SI,  1918,  tae  Metical  Section  of  the  cat  defense 

forvice  wap  transferred  from  tnv  iai.it  ry  Corps  to  two  Chemical  ...rfaio 
Service,  remaining  in  ch.rre  of  Colonel  V.  J.  Lycter  vno  wte  given  u  n 
teaporury  detail  under  General  bibort.  Tnie  uivinion  \.us  ca-.^od  with  tao 
noceeo  try  rvso  .rc*.  work  in  the  medical  field  pertaining  to  jroteelive  devicee 
and  to  war  gases  and  othor  toxic  subotanceo;  inclucin  ,  prophylactic  and 
curative  measures  in  connection  with  the  exporime..ti.ng,  prtduai...  ,  and 
handling  of  t..em;  dto  wita  tw«  inspection  of  too  or, ;ad  alien  for  ;  rotcction 
of  caployees  ugdaet  war  gteefc  an  .  other  toxic  puuetuucee  at  plants  a  Ji tiling 
those  substance*,  and  the  mating  of  appropriate  rejort and  recoaiun.u.siiom. 
thereon,  rith  a  view  to  developing  -uid  standard!  r.  in,;  an  effoct.vo  syutora," 


*■*% 
*  # 


On  Jun^  28*  president  Wilson  ordered  that  the  American 
University  Experiment  Station  be  transferred  from  the  Bureau  of  fdinoe  to 
the  War  Department  and  placed  under  the  Director  of  Gas  Service.  In 
connection  with  this  transfer  Secretary  Baker  wrote  president  Wilson  ae 
follows: 


U 


* 

44 


WaohiagtM 

June  25th,  1919. 


My  u«ar  Mr*  President: 

In  connection  with  the  promoted  transfer  ef  the  cnetoicul  section 
ut  American  University  from  the  bureau  of  Mines  to  the  newly  constituted 
uni  consolidated  Gus  Service  of  the  Wa|[  Department,  which  you  are  considering, 
I  R»  specially  concerned  to  have  you  know  hew  much  the  War  Department  * 
appreciate*  the  eplendid  eervicee  which  have  been  rendered  to  th*.  country 
and  to  the  Army  by  the  Department  of  the  Interior,  and  especially  by  the 
Bureau  of  Mines  under  the  direction  of  Dr,  Manning.  In  the  early  days  of 
preparation  and  organization,  Dr.  Manning* e  contact  with  scientific  men 
throughout  the  country  was  indispensably  valuable.  He  was  able  to  summon 
from  the  universities  and  the  technical  laboratories  of  the  country  aon 
of  the  highest  quality  and  to  inspire  them  with  sr.thv’riciEiic  zeal  in 
attacking  new  and  difficult  problems  which  had  to  be  solved  vd + h  the  •-+~ 
r.ort  I  do  not  eoe  how  the  work  could  have  been  better  done  than 

he  did  it,  and  the  present  suggestion  that  the  section  now  paee  under  the 
direction  and  control  the  War  Department  grows  out  of  the  fact  that 
the  whole  subject  of  gas  warfare  hue  assumed  a  fresh  pressure  and  in¬ 
tensity,  at  id  the  director  of  it  must  have  the  widest,  control  so  as  to  be 
able  to  use  the  resources  at  hie  command  in  the  most  effective  way  possible. 
The  proposal  does  not  involve  the  disruption  of  the  fine  groups  of 
scientific  men  Dr.  Manning  has  brought  together,  but  merely  their  transfer 
to  General  Sibort’e  directicr.. 

Respect  fully  yours  • 

Kewton  D.  Baker. 

The  president. 

Upon  receipt  of  this  letter  president  V/ileor.  wrote  at  follows 
to  Director  Manning  in  recognition  of  hie  services  and  that  of  the  bureau 
under  him: 

THE  WHITE  HOUSE  26  June,  1918. 

Wachingtcr. 


My  dear  Dr.  Manning: 

I  ho-'o  hod  before  me  for  some  days  the  quecticn  presented  by 
the  Secretary  of  Uar  involving  the  transfer  of  the  chenicnl  eecticn 
established  by  you  at  the  American  University  from  the  Bureau  of  Mines  to 
the  newly  organized  Division  of  Gue  Warfare  in  which  the  War  Department  ie 
new  concentrating  all  the  various  facilities  for  offensive  and  defensive 
gas  operation.  I  am  satisfied  that  a  more  efficient  organisation  sen  be 
effected  by  having  these  verioue  activities  under  one  direction  and  con¬ 
trol,  and  ay  heeitation  about  acting  in  the  matter  hae  gron.  only  cut  of 
a  reluctanee  to  take  away  from  the  Bureru  of  Miner  a  piece  of  -c-V  -hick 
thue  fur  it  hac  so  effectively  performed.  The  Secretary  of  War  luxe  as¬ 
sured  me  of  hie  own  recognition  of  the  eplendid  work  you  have  been  able  to 
do,  and  X  am  taking  the  liberty  of  enclosing  a  letter  which  X  have  re¬ 
ceived  frem  him,  in  order  that  you  may  eee  hew  ftilly  the  fur  Department 
recognizes  the  vv*l*.ic  of  the  servicer. 


«■> 
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X  am  to-day  signing  the  order  directing  tho  transfer.  X  want, 
however,  to  express  to  you  ay  own  appreciation  of  the  fine  and  helpful 
piece  of  work  which  you  have  dona,  and  to  say  that  thio  rort  of  team  work 
by  the  bureaus  outeide  of  the  direct  war-making  agency  ie  one  of  the 
cheering  and  gratifying  evidences  of  the  way  our  official  forcee  are  in¬ 
spired  by  the  presence  of  a  great  national  task. 

Cordially  you re, 

WOODKOW  WILSON. 

Or.  Van.  H.  Vanning, 

Chief,  Bureau  ci  Mines, 

Department  of  the  Interior. 

In  a  memorandum  to  the  Chief  of  Staff  on  July  5ti»,  1918, 

General  Sibert  propoeed  to  divide  the  activities  of  the  Chemical  Warfare 

t 

Service  into  an  office  organization  coneieting  of  a  Director,  an  Aeeietant 
Director,  a  Technical  Advisory  Staff,  a  Liaison  Service  and  an  Administra¬ 
tive  Bureau  with  the  following  divisions:  Overseas;  Re-enrch;  Development; 
Proving;  G-.r  Defense  Production;  Gae  Offense  P reduction •  and  Gas  and  Flame 
Troops.  He  requested  the  following  personnel: 

1  major  general 

2  bri^adior  generals 

,  14  colonels 

51  lieutenant  oolonele 
180  majors 
464  captains 

857  1st  lieutenants  *  - 

792  2nd  lieutennrtc 
2361  Total  Commie  icnsd 

91  master  engineers,  senior  grade 
152  mast or  engineers,  junior  grade 
13  regimental  sergeant r  major 
24  regimental  eupjly  sergeants 
33  battalion  sergeants  major 
35  battalion  supply  sergeants 
206  1st  sergeants 
363  eorgoants,  lot  class 
86  mess  eorgoants 
186  supply  sergeants 
947  eorgoants 
1912  corporals 


13* 
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140  buglers 
403  cooks 
144  meunanice 
455  wagoners 

5067  privates,  first  clues 
10086  privutus 
20343  Totul  enlisted 

Ac  a  consequence  of  thenew  personnel  Colonel  Fries,  who  was  in  charge  of 
the  overseas  One  Service  was  raade  Brigadier  General  and  Lt.  Colonel  R.  F. 
Bacon  of  the  French  Laboratory  was  promoted  to  Colonel.  Colonel  Walker 
was  placed  in  charge  of  the  new  Gao  Offense  production  Division;  Lieut. 
COlonel  Dewey  was  promoted  to  Colonel  and  placed  in  charge  of  the  Cue 
Defense  Production  Division;  Ur.  Burroll  wao  comituioned  Colonel  and  placed 
in  charge  of  the  Reoe.rch  Bivieion;  Ur.  v.  U.  Dorsey  was  commissioned  a 
Colonel  and  placed  in  charge  of  the  Development  Division;  Captain  L. 

Bacon  was  made  a  Major  (later  \,Lt.  Colonel)  and  placed  in  cnarge  of  the 
proving  Division  ^ind  Lieut.  Colonel  Bogert  vae  promoted  to  Colonel.  In 
August  1918  Colonel  H.  c.  Newcomer  transferred  from  tne  Engineer  Corps, 
promoted  to  ri gutsier  ;.:noral,  and  made  uvriutunt  Director*  tudsuxxi 
11rtnnrt»exxtx<<x»exexgBkxErtxM»xi<xfcyx*i»yxlttttx»ey»M«M**»8x*xe  Captain 
(afterward  Major)  Bohneen  ..-as  act  in, ,  cniof  of  un.  'ruining  .i  vision  during 
Major  dal  ton*  e  absence  in  tr-uico.  after  *»t.  Colonol  J.  Lewis 
come  o.-.ck  from  France,  he  was  put  in  cu-.rge  of  unu  Training  division. 

On  General  Cilcrt'e  staff  wore  Colonel  u.J.itftlwr,  f.C.  rup  reeer.ting  the 
Medical  Department  and  in  charge  of  tin*  Medical  Division,  wnile  Lt.  Col. 

C,  ...  ?au.nel  represented  tho  Ordnause  Department,  and  Lt.  Col.  J.J.M, 
gold  tho  britieh  Military  'em'dtrion.  jurio,,  Colonel  ,4ald* ;  uhbwi.ee  in 
Z:.glaad,  ^J>jor  J.h.  arightmu..  actua  for  aim. 

Effective  coo rdi  iu lion  of  tue  different  activities  wee  obtained 
by  weekly  meetings  of  t.„u  executive  Committee,  ccneirting  of  Tlajor  general 
Sibert,  Frigodier  General  Newcomer,  Colonel  Lyrtor,  Lt.  Col.  Mhurwol,  Lt. 


1*, 


?he  delations  Section,  under  Col*  Bogert,  saw  to  it  that 
men  who  wore  essential  to  chomioal  industries  vital  to  the  war  were 
kept  at  thoir  posts  because  they  would  bo  of  far  greater  value  to 
the  country  there  than  at  the  front  ..and  a  transfer  'Quid  have  cur¬ 
tailed  and  delayed  the  output  of  munitions-  '-his  ..action  also 
arranged  that  a  certain  nunbor  of  enlisted  chemists  were  sent  back 
to  the  universities  on  indefinite  furlough  to  assist  in  teaching. 
This  was  very  important  because  the  chemical  staffs  of  the  colleges 
hid  been  badly  crippled  by  the  demand  for  chemists*  If  the  chemical 
departments  had  to  give  up  Important  parts  of  their  work,  there 
•ould  hav<  been  no  continuous  supply  of  chemists  and  the  Government 
/ould  have  been  handicapped  badly  ^because  the  rur  demands  for 
chemists  ”cre  increasing  rapidly.  After  the  armistice  was  signed, 
this  Cectior.  acted  for  a  while  as  an  employment  bureau  securing 
positions  far  cho  istc  ho  had  boon  demobilised  and  discharged. 


♦ 
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Colonrl  nuli,  Col.  ..alker,  col.  bo^ort,  Col.  Bewoy,  Colonel  curt'wll,  Col. 
Dorfoy,  H.jor  (after-ard  Lt.  Col.)  Bacon,  und  Meetrt.  Kohler  ana  Lewi:, 
who  .vera  in  oh  :rge  of  Offense  and  Defence  Problem.',  r- ape  tivoly  ii.  tue 
Research  Division.  The  uf  pended  chart  r.nG>.,o  tue  uuniniatr  i»  i  Vt;  c. 
tior.  in  the  autumn  of  191b. 

To  meet  tin  neeie  of  the'  rapidly  c.pu:. din  aili?  ry  oo- 
n.  Hesitant  abroad,  two  Adjutant  "on«.r-.l  dim  :tel,  o..  icj  temU  r  24,  1916, 
in  .t  i.:o  -;l  ..i  tioi.-tl  Gap  an  1  Fl-eio  regiment  s.  oo  or  attired.  joverul  .* ell- 
k..o  n  h.fo-ball  pi  y«rc  .ere  ivea  co  ni:  :iou:  in  . to  re  1  L:  t  r  to 
-it©  i  :tp  l--.lt;-  o.  me  general  public  ...ion  -id  not  uu  .eret  a.-  tn.t  thoro 

■lufthtu/L 

’men  ./ere  :  elect  on  for  tii.il  try  *:  leader:  ..j...  not  for  a.ctu.1  or  :  aluro 

;  A 

.Liiity  .o  .;.ie:.ii  tt:  • 

On  Goto  ..or  ho,  1913,  a  iin..l  .ii.cru  ut  in  j  .  rionnel  wan  aarj.orir.oa 


•  a  •fOllOV.t: 

H(  i)  Uta.er  uu-.iiority  confer r«u  by  ;u«  j.ct  of  Con¬ 
gress  '.  tumor!  z  in  ;  me  I  ruoi.ie.»t  >.o  in  sroai  o  tcnpor-.rily  tiio 
railil  ry  etu.  Li :  :m  .nt  of  the  United  r.tatca,’  apj  roved  May  Id, 
1917,  and.  .,»e  .»ot  of  Con rreoe  up:  roved  July  9,  1913  (pub. 

193),  ts.u  1  r.n'i ioal  aireci .-  t..:  ft ,  for  mu  ;  e.-'iod  of  tne  ..1.  t- 
in  ^  i  ilofrBiiCy,  '  j.i  Oiil.i  !;teii  f  treii  t/i  j.  i;ig  raipod  alj..  rk.j  .  ■  ul..od 
•  *-T  irt.'tj  s  j/t  h*e  u  j.il  /jar.ur.  .xi‘vi«:i.  j  crcj.u.  x  v*  o  i  :  art.  ...s 
itfeyi'i. f  ...;  h -vo  ueati  o  1-  T2  ,y  'uo  je.-ruaftor  at  nor  ires*,  ....  of 
puch  personnel  no  sauy  be  uutno rirec  Ly  7-.bli.-i.  of  Cr  .yu.uJJa l.itm 
for  jjo  He  id  ;u..rte  ri-  of  division:,  ..ny  dOtp;  ,.j.  .  field  ..riivt, 
•h..ll  consist  of:  — 


1  Major  General 

2  Brigadier  Genu rule 
12  Colonola 

65  Lieut.  Colonels 
275  Majors 
646  C-'.u  +.  iin«; 

9 41  First  Lieuf,etii..;tc 
1109  Second  Lisui:  enunt  r 
3051  Total  ,onni:  ioned 


168  Mutter  hn  i.sour.  ,  S.G. 

323  JJaf/t or  iSninecrc,  J.G, 

34  Regimental  Lorgu'ante  Major 

35  Regimental  i up; ly  {erreanit 
41  But tali on  Sergeants'  Major 

-~A2  Battalion  Supply  rtrg  m  a 
156  lot  Gor^e'-.ntc 
1242  Sergeant:,  let  Cls-f-n 
12S  fleet*  Sergeants. 

166  Supply  Sorgo;, r.tc 
2  stable  Sergaunto 
2074  Sergeant c 


15 


4064  Corporule 
132  bu^lero 
570  Cooke 
366  LftoCi«.-.  dct 
1450  Wu,ronere 
1  Horowohoer 
1  Cu.il  or 

6234  1  iiv-toi),  let  Clnou 
11641  FrivuUe 
29090  Total  bulleted 

"iuui  the  f  resident  furtner  direct:  that  for  ouch  Livi:ion  .n« t 
hap  reen  or  may  be  authorized,  tuern  i  u\ll  be  Hatnis  .1  .urfr.rc 
fcervi.so  |'LTfcr.nel  .or  the  Division  hcadqu..rter« ,  hi  if  pro* 
rcribed  by  tue  'Vuli-r  of  Gr^Uilzniion,  Tu.t  for  each  4  com¬ 
bat  divitionp  or  Major  fraction  .hereof  there  mull  bt  Cm.nic:.l 
darfure  pertormel,  a*  j  reircribed  'ey  Tablet  cf  .tier.,  for 

Amy  Corpc  i.ealqu.i.rt»ro;  arid  taut  for  ouch  20  CC’ilut  sivitior.f 
or  re  jor  fraction  tn*roox*,  moro  mull  be  Cmudcul  .rfuro 
Service  pvncnnel,  f  t  p roue  it. d  by  Tablet  o:  Cr-a-ait  tics., 
for  ur.  Any  htrudquurt 

Oriiu;  *o  the  ri  i in.:  of  t»-  aniflict  or.  .ovesber  11,  1916, 


ids-  actual  pi noi4»«>l  v..t  .ot  rci  .uud 


MV/V\  W'JI 


^nERiCRN  Expeditionary  eorce 
Gf\ s  Service  Organization 

Service  in  France  Service  inU-S 


r 


'  ' 


RES&irtCH  MI7ICI011 

In  the  preceding  cup  ter  it  um-  boon  eno-'ii  that  i.»w  iiret  ,ar 
VO rk  vwe  etirted  in  the  Bureau  of  ILnoo  under  Mr,  Vin,  H.  M  inning  ith 
Mr,  G,  A,  Burrell  in  inmodi.-.to  enurge,  .aid  tuut  v^riouo  chungor  cook 
place  v/hersby  tuo  organization  under  Mr.  Burrell  finally  oec-uno  hue  .kn¬ 
ee  :rch  fA virion  of  the  Ghcrdc  .1  '.»rf  fcrvice,  in. via  been  tru..: ■  f erred 
from  taf?  .Bep art n«nt  of  tne  Interior  to  ti.<-  ir  Bui ....  t -sent #  the  i'irrt  five 
month**  the  re:  ourch  ;ork  nouu  in  ui  liiiated  lu.uon.tori  or  >-c  il  to  red 
over  t.xiv,  country;  ~ut  in  i.ujtemtser  19L7  tut  .ui,tam  Cl  li*c  .  fcHUl'x  w:*.J» 
University  in  .•«tuinjton  uocan.,  -.v  it.  •  iw  ,i:u  v.nat  «ur-  1  .tor  i.u*.  non-j  .rch 
Division  bee .;me  hue.  u  u-  tir.  .ncri-  u  ivuroity  .;.]  urine  at  i  t  .tion  of  ti»t 
Eur-:.-..u  oi  Minor,  "in-  or  nn. curio r*  t  -•  .s.  time  -ar.  no  folio-.;*: 
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Ac  iiao  wont  on  there  wore  mvny  cw..*»,;er..  hr.  Jean  Johnevon 
n&r  ple.oed  in  charge  oi  Cl' fence  pro  t-lcnt-,  »  position  coivuij, on. a  .rn,  to 

i)*- 

taut  oi  ,i.  K,  Lov/ia  in  defence  njuiterc.  ..’hen  Joui.sYtor  .’u:.i,;..ou  .0  -0 
to  the  lilt  ion  :1  .tore  ..rch  Council,  h.  p,  Kohler  -r-.f  e-  lied  i'roi.,1  ;i;,rv  rd  to 
ii  l.l  t at.*  v  -c-.r.cy,  "he  .crk  on  Chemical  .tote  -rch  bee  -.n».  more  in  a.  one 
'Tin  could  handle  mid  w  a-  divided  into  '..0  r  rtf,  Oil  euro  mo'.ii  0  .1  net-e  ..rch 


under  J.  F.  iiorrit  ..n".  Feionno  Cnos^jjal  ho&e  r  on  un..er  ..  i.  hum  •.  ..her 
!!orrir  left  to  tike  murge  of  the  Loiv.&.i  0  lice,  1..  Jom>2  v;...S;  cal led 

from  tuo  Uni vi - y  0.'  Cincinnati.  V.  T.  '.'luerhill  vn  J.1  ■••o  ’  in 

oh  ;e  of  ¥»•:  '"nor.]  eutic  ..one  rah  rh  'f-.jor  ..intu'iiits  in  charge 

0"  I'-itholo.i  :  .1  At*.  e...-cn,  ,oi;i  ..it..  m-  juurti  re  d  how  nUVu;..  ‘-'ho 
pinrmucolc  ;i  :  *1  Hone  »r ;h  v.i-  tier  t>  lit  l.h.c  » .  1  j.  rt;-,  one  m.  .er  1  .in 

— *•  Y  •  f  -  -  !'iia It  ..it.  .i*e  c  ^*.'.'1  mi  *10  .1*.  ...  .  .  houv.  iei  1  fj.  ..I*,  .'.v  1  •  i'.i-i 


..unt  i;.t  •  1  ointud  ..rhrik'  u.  ; .. urole  ic  .1  p  re '..■Urns-- .  *  ,uoi  t.10 


triuu.  fur  from  toe  '  u  rt.au  of  ’fi..eu  *:•  ;■*  ..  r  hu  .rW'.i 


.e,  dr  i*o « 


..crier:  ci.,  Underbill ,  ini  omits, 


I'.‘  U 


ro  ;■  r  ;  *.  :vt  a  o  i.  i*c 


'ludicui  ivif  ion.  .'lie  ''uCki  .ic  .1  run  v. ..•  :  •  l:.  t .  to  .vs  •  L  oc. 

time  under  i.  it,  ;jL..rfc  ....  ,o,i'  r.  L-:  ii  r-  cur  cii  . -U:.. 

i«*  ‘0 r  •  ,  r’lc  u* k  . ,  «.e  t.  .  -t  1  ik.  (  .. .  tk'i ..  ..  it  it t ,  oi  .  j  -Of  . , i  i" : .  . . 

tf.'i  ;e,i,lu  !.;it  f  .ii  of  lyi’/,  0  ,iv.  .»i:  ..ut  a*.  t*u»  to  ori:  for  !  t.«  i.  .  ..n..:,oe 

:*uj  i.d  t«.  hat  j  i  ce,  b-tor  i.*it  -.  rh  r.s-  coueoii bated 

with  fu  t  of  ”,  an  >>r  !  n  c  .  >•  of  ’r.  ers  y\  ...  ••  .  Of:  t;  c 

CO‘t  Vl!  fioslrtU  ^lOi.oi  II.  »  l  .C0.1  i.i  C.i  VJii  Of  vl«e  loj’lv.i  W  V  i  •  i-  •  ,  ^ 

*':%  ( ..ftv ■  r..-.. r  h  ”.Jrr)  Jr,  .<  .  _;c  .  'ii:,  of  ,..u  r  :  ’  i-tc  .in 


1  t  sri.v;.  !ir  i  '.«r  e  ric  uiv  ..  i**»<  <i  l  .  M  . 


f  •  1  iilii* 


vu-!*i»;'  0‘  rn.it.  t  a.dlT  t,  f  .1  .-J 


1?‘  r  t*  1 1  fi.iv  it*’  un  .e.  V, 
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Briggs^ at  Yale  University  under  T.  B.  Johnson,  at  Clark 
University  under  C.  t.  Kraus,  at  Worcester  Polytechnic  Institute 
under  3;.  Jennings,  and  at  Harvard  University  under  Reid  Hunt, 
while  the  branch  laboratory  started  at  the  University  of  .isconcin 
had  been  transferred  to  the  I!edioal  Division. A 


Dr.  LUX  liken  left  the  Institute  of  Technology  to  become  a 
Kajor  in  the  Chemical  Warfare  Corvice  with  duties  at  Headquarters. 

The  Catholic  University  of  \nerica  placed  a  large  portion 
of  its  new  chemical  laboratory  at  the  disposal  of  the  he search  Division 
and  Columbia  University  provided  facilities  for  a  number  of  experiments 
on  a  semi-large  scale.  LVen  after  the  transfer  to  the  ,'jaerican  Univer¬ 
sity,  the  Pittsburgh  laboratories  of  the  Bureau  of  Kines  ?/e re  used 
for  investigations. 

In  order  to  keen  in  touch  with  the  country  at  largo  Decretory 
Lane  appointed  an  advisory  board  consisting  of  w.  H.  Nichols^  Chairman, 
S.  C.  Franklin,  m.  Hoskins,  C.  ...  Parsons,  Ira  Homson,  T.  Richards, 
and  F.  P.  Venable.  This  ooarc  was  conti nuod  by  General  Libert  but 
was  never  called  togothor  by  him. 


At  the  timo  the  armistice  was  signed,  the  organ! ration  of  the 


Research  Division  was  as  follows: 


Colonel  G.  \.  Burrell, 
Dr.  '.. .  K.  Lewis, 

Dr.  2.  ?.  Kohler, 

Dr.  Held  Hunt, 

Lt.  Col.  ...  D.  Bancroft, 

lit.  Col.  A.  i>»  Lamib, 

Dr.  L.  ...  Jones, 

Uajor  A.  C.  Fieldner, 

Da J or  G.  A.  Richter, 

Dr.  A.  S.  Loevenhort, 


Chief  of  Research  Division 
In  charge  of  Defence  Problems 
In  charge  of  Offence  Problems 
idvisor  on  Pharmacologic %1  problems 
In  oharge  of  Jditorial  ork  u;d  Catalytic 
•Research 

In  OiargoTbefouee  Chemical  Research 
In  onargOTOffonce  Chemical  ..ecoaroh 
In  oharge/ of  Gas  Kask  Ho search 
In  charge  o  •  pyrotechnic  Research 
In  oharge  of  Pharmacological  Research 


3a... 


j~<p 


Major  H.  C.  Tolman,  In  charge'  of  Dispersoid  Research 

Major  S.  Rowland ,  In  ohargo  of  Small-Scale  Manufacturing 


Major  3.  B.  Fogler,  In  charge  of  Mechanical  Research  &  Development 

Captain  G.  A*  Rankin,  In  charge  of  Explosives  Research 

Major  Richmond  Levering.  In  charge  of  Administrative  Lection. 


(%£  (ft 

Qaa. 


'fcJv  .A**  /  y&V ;  <■ 

Jpv  t&unte 
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The  chief  functions  cf  the  jteeeurch  Division  are: 

1*  To  make  and  test  corapoundi  widen  may  bo  of  v-due  in  guo 
warfare,  determining  the  properties  of  those  substances 
and  the  conditions  under  which  they  *uy  be  effective  in 
warfare. 

0 

2.  To  develop  oatis factory  methods  ol  nuking  i-ucn  compands 
as  seem  p  ronifeinj;. 

O 

3.  To  develop  the  beet  met  node  of  utilizing  t..ofce  cornp^mit. 

4.  To  develop  ms-tori  ids  widen  ein.ll  a.eorb  or  destroy  the  v/.r 
gaeec,  studying  their  properties  *nd  determining  tho  condi¬ 
tions  under  which  they  may  be  effective. 

5.  To  develop,  ratio  factory  aethoct-  of  asking  iucn  a.  sort  onto, 
etc.  us  may  seem  promising. 

6.  To  do  the  research  work  ir.  connection  vdtn  macks,  c.nisters, 
protective  cictidng,  etc. 

?.  To  develop:  iucendi.ries,  smoke; ,  rim.de,  etc.  a.u  tne  Lost 
netnod r  of  utilizing  tnem. 

8.  To  co-op «r  to  with  mo  ri*».i.uj..  tux’ing  uivitions  in  rog.-rd  to 
difficulties  arising  curing  muuui-oture. 

9.  To  coop i  r -to  with  otuoi*  iivuci.es  c;  t  no  .iOvern:ientt  civil 
un  i  culit  .i'y,  in  reg  ard  to  war  i  miens. 

10.  To  collect  an!  ro.-.ke  ..v  din  bio  to  the  Director  cf  Chord  cal 
>||.rf.  .u  tcrvice  .11  inform. ticn  xn  reg  rd  to  tno  cm;  Is  try 
of  gut  warfare. 


In  one  sense  the  rose  trch  division  is  the  most  important  of  all 
because  without  ti»o  reto  .red  work  nothin:;  could  no  done.  T:.  .inctnoi*  sense 
it  it-  th;  lo  .fct  important  oi  -i-,  ..ocause  it  never  .lelivere  any  Inin* 
tangible.  Ite  result s  are  turned  over  to  tno -production  ui visions  which 
actually  make  the  yaeec  or  tne  masks.  .»  eomowh..t  siraii  ir  nisi  L  net  ion  oc- 
cur::  botwoen  tho  production  divisions  oi  U*o  hray  ..uu  one  iiyhtiny 
divisions.  The  soldier  c  u»  not  i i  >;  unless  he  is  fo.a,  clotned  aid 


;raed  to  tone  xte.it;  hut  it  ii 


+ ue  so Ini or  at 


l*.e  front 


hC 


ti.f 


actu.il  fi siting  anu  drives  tao  enemy  back. 

,\C  has  boon  ct  .ted  tno  terra  "war  >e"  is  a  flexible  one  ana  in¬ 
cludes  colidt?,  liquids,  .nd  yuoos.  It  is  only  neeese..ry  that  the  eub- 
st  -r.ee  should  hive  suf  iicio.itly  marked  en  iruct-.rietioe  to  made  it  useful  in 
rap  v.urfire.  It  may  be  poisonous,  like  pnos- ;uue;  it  may  produce  Lu  .rs, 
like  brombonzyl  cyanide;  it  v.y  :  .use-  naueu  .,  iikt  calorj  icrin;  it  a..y 
cause  snooziny,  like  -Ipiicnylcnlo r srciriw ;  it  a  y  •;  use  burns,  like  mustard 
yao;  it  may  have  a  l'cul  smell  tneuyh  oth.rwice  h-rralocs,  like  butyl 
more  apt  sn;  or  is  m..y  p  ro  .uco  a  tasks  ita  i.i  ,r»  ob*  curia,;  jo.-sr,  lire 
paotphorun.  Of  court  o  oovor  d  of  *.n«t  u  j.  roportiet  rc.y  bo  uoabiuec.  in  t 


einyl*  subsm  nice.  Vo  by  of  *v  1  ..me  i  coMpounu  ..tut.%  a  .vc  some  ot.n  of 

i 

tiitifc  j  roj  ertieo  to  a  a.rk-  t  extent.  ,/aon  -r.  yc  -ro  -  a]  oi  on  for  t . a  ;*t y 
tainuii: ,  tno  cone  twit  r  .lion  t*..icu  kills  in  O.d  »y  i«ir  liter  for  on.Oipiurin, 
i i  er  liter  for  phocyeuo,  0.05  ay,  j  ur  liter  for  nuit.rd  yet.  In 
other  words  a  ,  .e  utich  require®  a  uoncn.it r  aid.  of  1.0  my  ;  or  liter  to  ‘.ill 
a  doy  on  a  tnirty  dnute  expot uru  it  scarcely  -ortli  coruideriny  a  toxic 
unlot’o  it  tuio  eonu  other  t  trikin;  cu  .ractorlstlc  tuuu  ,,oiny  “.trough 


6. 


(t>  I 


the  ra^ek  readily.  ’.!oet  men  are  la.chrym.it ed  by  brosucetonc  at  0.QQ13 
mg  per  liter,  by  Jtylyl  bromide  at  0.002  ra;  pur  liter,  unu  by  bronbeazyl 
cyanide  at  0*00033  rag  pur  liter.  A  rui  st-aice  ..hich  require:  a  coucun- 
trution  of  0*003  mg  per  liter  to  cuuee  lachrymal  ion  would  protiubly  not  re¬ 
ceive  further  consideration, 

another  dot  or  lining  f  .cter  in  tin.  u:.o  of  my  ,-;ac  it-  the  uv  .li¬ 
ability  of  raw  ra  .twriulo.  It  ouii  bn  useless  to  consider  iouiae  cgb^ouijue 
ue  toxic  g.eec  i.oc »ure  it  would  l.u  iapos'.iblo  to  get  enough  iouino  to 
mko  a  ouprly  of  material  ./hie h  wouli  ccunt.  T no  anglitn  aid  ure 

ethyl  iodoacot-te  for  ,  iachryuior  at  a  ti'ie  w..e;i  Lnu  price  of  broaine 


•..u.8  very  hijt;  but  laenrynutois  act  at  .each  lower  concent  ratio  no  tu-n 
toxic  jaeoe  aid  are  also  not  used  to  often.  air  ru  i:  de  idly  poi  rollout 
the  uvuilabla  annual  supply  in  tile  country  prou.  ly  out  net  exceed  ono 
gran  an<i  the  unit  for  toxic  g  .set  i»  tnout  auli  of  tons* 

i  good  method  of  aunufv.  rturo  should  bo  4.  hand.  If  tin.  t-ui>t- i.  meo 
ir  :ooa  onougu,  it  dll  be  made  by  letuodj/ uc  .ever  aitcful,  a  w  .c 

r  iiown  ’.Tnon  tne  Sermons  aula  mar  l  ard  y  tab  catcrny  'rlne  mou.*;u;  uUt 
this  ir  n^t  true  in  mott  e  ’.cos,  ?ti«  ,111  as  mj ala  j.ro't...  ly  have  uted 
t ricnloraethylchlor forma i e,  rape jy. elite,  i/>a  or  -  :a-«thc  i  o:  munufactuto 


had  '  oor.  developed;  but  the  wacto  of  diloAn»  srae  rc  .gnat  .r  to  cv-  r 


nai 


bal  aco  tile  distinct  m.riic  o.  the  cos; candy. 

,  eubotjr.ee  wait  Vo  .1  .vie  or  f  .i ivy  If  il  .  oiyn  riser  too 

rapidly,  uydrolytuv  too  rtpidly,  lo  too  ia/i.  rxublu,  or  ,©*  t  to  j  iorei  on 
intonation,  it  ouwot  uO  uted  effectively,  thaier  oni*.  ry  ci reu*3i?t»r.ecr 
acrol.in  polymerisat  to  .  tpiily  to  le  aaiu  in  *»»«  United  ft  ,tsi  buc-rase  the 


shell  are  likoly  to  bo  lou^d  iu  unit  country  3-6  months  before  t..oy  .re 


p- 


firud.  Our  liaite  .ts  to  tt  -bility  polyn  riz.ction  .crut  l  therefore 

Its  nJors  riid.thun  tnooe  o i  tin-  ftritith  and  Frui.cn  wuo  can  uses  tueiir 
anteri.l,  if  nucorseury,  triiuin  a  aonth  or  tvro  after  loading*  Ae  a  natter 

of  fact  the  French  have  utod  acrolein  in  imu>  ;ol- . lie  it  it  j.&o- 

siblo  to  stabilize  acrolein  vrhen  cube  in  tat  A1  ;ju-u.litifct',  it  it  aouut- 
ful  wiiothcr  ini:  could  be  .one  rut  it  f  tctoxAl/  in  i  .r-je-ecuie  .Manufacture* 
Artcni*:  trianloilio  nydroiyzot  too  rupi.-iy  t  g  h  ve  any  v  Jut  and 
uytroyon  sulphide  is  co  influn  t.bic  tn  >t  it  it  d*n,;e.’out  to  ut-e  in  cloud 
attacks,  ur  tiio  linyiit'h  found  to  tueir  cos  t.  Calorp  icrir.  ue compotes  to 
rone  extent  v.hon  fired  in  shell  but  net  yncu.hi  to  bo  serious.  On  tn.;  other 
nond  tetruciilo Unit ro  duao,  un  otaorriro  jronisiiu  r-’.oke,  is  dot-troyud 
p  rut :  y  corj  luto  y  wnou  fired  in  «.  three  inch  shell* 

It  nay  be  ..ortn  ."idle  to  outline  xno  jutier,.!  procedure  when  a 
no  'j  toxic  t  abidance  it  t>  be  ffoivtadeeiwi  by  u.e  nere.r  oh  division.  Hie 
s-ubst  .uce  In  -.unction  n.y  n.ve  Used  by  the  So  r  sails  cB  the  .Alius;  it 

my  h»v o  been  tu.,.  sited  i’rou  outiiuo;  or  tae  staid  n  .y  nave  tncujii  of  it 
fro *2  ;e.rcn  of  in  iitvr..iure,  cron  malo„y,  or  .ton  jure  iatpir  xion, 

7u.  C.  I  eras «  •'into  .roll  lioti  ttu  tuotb-.it co.  I-  it  it  *.  tcliu  1 1  At 

eu.iw  to  tno  Oixpertcid  lection  .»ua’«  rt-taod;  of  .itpertin..  it  -.re  aoricd 
out.  h»en  tail  li  t  boon  tone,  or  at  if  tun  compound  if  \  Li.ui-i  ci 

vapor,  it  it  tout  to  the  ioxicolo  ic  A  £  cxiw*  to  be  tested  -or  toxicity, 
iachryutc ry  pc  'nr,  etc.  If  two  report  it  i..vor*~i.n,  !»*»  coMpo.au  i:  tnen 
turned  over  to  .  number  of  Afferent  te*:ti*nr* 

“ho  Cf fence  hero  rch  Section  trlot  to  is*  rove  the  1  .wO.  at  try 
utooa  of  ostkioh*  SIhon  trAs  hie  been  do  ic  f  Atly  rntief  -ctorily,  too 
Choaia.l  Frocucticn  rection  et.rts  makir*.;  it  on  .  1  ir^eftsc  Aeyfrr. :  fifty 

X 


c*t- 


pound!;  to  u  tou,  ae  the  cueo  nKi.jr.ba,  It  tnen  j'oet  outside  tne  ho  search 
Division  either  to  the  Development  Division  for  farther  otuujr  or  to  the 
5a  o  Of  font  c  production  division  for  manufacture  on  «.  large  scale.  .Vnile 


ion  ir  v.orking  out  an  imtro.v 
t..e  compound  is  sent  to  the'  un*iy  Li‘i.il^  :,oc lioryy 


itacd,  M 


the  Offense  hose  ;reh  faction  if  wo/king  out  an  im^c^t^!  l  iberal 

devel- 

determining  its  purity  and  for  jittlyzing  mixtures  in  uir  unci  v/no  nu.ke 
torto  to  eeo  .vhetner  tne  cMurtore  <?iil  ttor  tne  suns  c.  me  o. 

The  compound  it-  also  sent  to  tnu  pyrotechnic  section  who  study 
ito  be,iivior  when  fired  in  enoli.  If  it  does-  not  lecosyose  too  coriout-iy 
when  .etonntod,  l-.s-tf  r  :x.ae  -it  L^kenu/st  oy  the  !  *oviu;.  'ivition  in  eo- 
oper  a  ion  vdth  the  Pyrotechnic  lectio.,  and  the  Toxicologic-l  1  tictiou  to 


lo  rn  the  effect  .vhen  shell  wn—lo -dod  ..it.,  the  caij-ounu  ore  lined  from 

-  ’  i  ,  #•  ■  -  Ktn  :i.  1  ■  “  •  ■  .  '  '  f*  .  < 

guns  on  Ihu  range  with  altiials*  placed  suita..iy  jin  or  life -r  tut  trim  cue;.-. 

While  tni  s  ir  >:oing  oil  me  Defense  hero  .rch  action  if  tr.u  lying 

J  /V ' 

>.vh  -i  cnan-e  in  tan  i;.t>r-e-;io;:tf  in  the  c.nirter  m  -y  bo  nocor-c  ry.  II  tae 

iuit,ro  ^ 

frH&l  4/eUi*n0 

•mi  47 t  i  cat* 


compound  ir  not  rtopj  ed  ro...liiy,  soma  new  mixture  or  compound  mutjy  ro  ^ 


developed  to  moot  tin;  emor  t-ucy.  '"  .is  stotica  tog-rthwr  with 


mil  ho  11  ill  -.1  f-c  ..ork  out  nwac  it-  for  .  electing  t..e  -1  is’,  'h  field. 

"he  probin'  of  m.kin,,  ointment;  »n.l  jeci  -t  detain-  to  protect  -.  vinst 
ouch  tilings  ae  !Ut’t..rd  gat-  ie  .  j'fo.lcm  whicn  is  ati  .eked  oy  one  or  more 
br inches  of  the  <0 fo.no  orgadz-tion.  If  a  on.n^e  in  u»w  c-.nii.twr  iv 
i.eceot  iry,  tide  ie  referred  tc  tuo  3Jeciiuidc.il  heae  .rcn  Lection  -no  i«i  >.y  iv.ve 
to  develop  new  filturs-  to  protect  against  smokos.  Tne  detail:  in  reg.ru 
to  p  rot  veil  vo  clot airy  a  re  hauclod  in  p.rt  by  t.»is  eertiqn,  The  result! 
obt  dnud  by  the  defence  org.uii.’  lieu  -re  tr-nsALttod  to  the  Defense  pro- 


%•> 


r 


auction  Division  which  hue  charge  of  too  eo.muorciui  production  of  .*11 
defense  material. 

The  Medical  Division  also  studies  tnc  wu^g.tee  with  reference 
to^ffect  produced,  susceptibility  of  different  men,  pathological  dot  nils, 

and  methods  of  treating  gassed  cueer.  with  muewurc  it  it  foun«  chut 

#t*3  &&&  He 'H  o 

■hni4  4“"-  percent  of  the  non  tested  ure  extremely  sensitive  and  uWut  two 

ttfiltokcjh&A**  ftonflLtK 

percent  efftremewity  inennnitive,  the  :uj  ur»-e*.ritive  men  being  pmmmp*  one 

Hundred  times  tf  rontitive  .it  tne  in  tin:  itive  men.  This  it  ?;  very  im¬ 
portant  test  to  make  V.ocuure  men  who  •'•■re  ox*  ronoly  tus ■  optihle  arc  practical' 
ly  cert  dr.  to  hocoMe  c.bu  dLtiesi  if  set  to  i..nuf  -cturin  ;  mueturd  g  fc. 


4  4- 
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The  first  work  of  tho  Research  Division  consisted  in  developing 
the  mask  and  the  absorbents*  because  it  was  absolutely  essential  to  pro¬ 
tect  the  soldiers  against  the  gases  which  the  Germans  v/ere  using*  On 
the  other  hund  it  is  rather  more  Interesting  to  start  with  the  offense 
side*  In  addition  to  studying  the  gases  already  in  use  by  the  Germans* 
it  was  desired  to  develop  better  ones  if  possible*  As  a  preliminary 
step  this  involved  a  search  of  the  literaturo  to  see  vwhat  was  known  in 
regard  to  toxic  gasee.  Professor  Bafkervillo  sent  in  an  especially  long 
list  of  compounds  that  might  be  of  use  and  others  furnished  similar  in¬ 
formation*  Professor  12*  22*  Reid  organised  tho  chemical  laboratories 
of  the  country  to  a  considerable  extent*  getting  the  v-rioac  organic 
chemists  to  prepare  samples  of  different  substances  for  toxicity  teste. 
After  tho  American  University  Experiment  station  got  into  full  swing, 
this  work  was  taken  over  by  Dr.  (afterwards  it.  Col.)  I-orrio. 

It  •was  of  c our  to  necessary  to  know  the  toxicity  of  theso 
substancos  and  methods  were  at  once  developed  for  doing  this*  Tho 
results  were  obtained  almost  exclusively  at  the  -meric  n  Uli vorti ty 
Experiment  station  by  the  Research  Division;  but  this  is  purely  a  eon- 
so  >  nonce  of  the  particular  organisation  and  it  is  therefore  wiser  to 
present  this  work  under  the  Eedioal  Division,  which  it  .where  it  belongs 
theoretically,  though  not  actually. 

In  the  summer  of  1917  the  gasee  -.which  tho  American  Army  expected 
to  use  on  the  tester®  Front  were  chlorine,  phosgene,  ohlorpicrin,  hydro- 
oyanis  jtoid*  bronooetone,  and  xylyl  bromide*  with  phosphorus  as.d  stannic 
chloride  as  the  smokes*  It  was  also  hoped  to  uso  acroloin  because  it 


J 
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was  not  stopped  readily  by  the  German  mask.  A  good  deal  of  thought  was 
•lew  given  to  possible  methods  of  producing  high  concentration  of  carbon 
monoxide  because  no  mask  stopped  that  satisfactorily  at  that  time. 
Guporpalite  was  atee-a  gas  v/hich  might  be  used,  though  that  went  into 
the  discard  early,  because  it  was  harder  to  make  than  phosgene  and  seemed 
to  have  no  special  advantage.  It  was  not  till  much  later  that  the  Allies 
discovered  that  the  toxic  effect  of  superpalite  increased  enormously  on 
'long  exposures,  it  being,  for  instance,  much  less  toxic  to  dogs  than 
hydrocyanic  acid  on  a  thirty-minute  exposure  and  more  toxic  if  the  exposure 
lasts  two  hours. 

The  use  of  mustard  gas  by  the  Germans  in  the  suitnor  of  1917 
and  of  diphenylohlorarsine  in  the  autumn  changed  the  vie-: -point  considerabl 
said  the  possibility  of  using  oyanogen  chloride,  oyanogen  bromide,  or  arsine 
made  a  great  deal  of  research  work  necessary,  while-  the  development  of 
brombenzyl  cyanide  by  the  French  and  of  chi o race t ophenone  in  this  country 
destroyed  all  interest  in  such  laohrymators  as  bronaceton-  and  xylyl 
bromide. 


r 
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In  txie  autumn  of  1917  it  bec-ane  evident  that  tno  ,diioc  rauet  make 


mustard  gax  in  l...rge  quant it ion  .awl  l»»e  puufctiou  of  tno  met  no  •  i  of  riiu.ui'  actere 
hecurse  ]  ruBcin^;.  Victor  *!eyer  nu  i  mu.  he  it  in  a  loununoout  way  oy  v/hut  it 
now  known  at-  tuo  chio rhy  trine  :aet.»ou.  Chlorine  and  water  re  .ct  to  ecr.e  ex¬ 
tant  to  form  hypo cnlo roue  acid  and  hydro cnioric  acid  nccor.il. y.  >o  liie  equation 

Cl  2  t  H20  =  HC10  t  HOI 

Hypo  an  lo  rout  acid  will  react  ,ith  ethylene  tc  l’o  I'm  onto  ray  nine, 

CoH4*riC10  *  CHgCiH  GHjjCi 

Chiorhydrine  rou-rte  with  medium  sulphide  to  lorn  thiodi  JLycoI  1  tedium 
chloride, 

-CH20HCHoC1  t  Ku2£  *  (CH2OHjH2)2G  ♦  2NuCl* 

Thiodiglyccl  reacts  with  concentrated  hydrochloric  -.cid  *.c  ’'ora  murtard  <jue 
unu  water 

(CH2OHCH2)2S  *  2HC1  S  (0ri2ClGH2)2H  ♦  2H20 

In  addition  to  the  ir.evit  ,.,lu  f  ct  *.»nt  re  :liou»  .nni y  ..... 
qiuntl fativwiy,  tn..ro  ..a;  tu“.  i  .c  ...  it  Lon  J,  .  1  *'  icuitiwe  a  t  chlorine  reio.t.o 
to  eomu  extent  cir.  .tiy  ah.  oUrione  io .tar.,:  otn  .'icu:>s  dicnloridc 


C2H4  t  Gin  S  CH.jGlGrigGl, 

an  !  that  the  procure  involve:1  «.  ,;r  ,-t  >.  eal  of  ev  .por  .t  ion  ..airi;  it  •■■.}  eus  iv.» 
Thu  Comae rei  :l  Kcf-t:  rch  fcnp.  ay  .i..G  .  »  .oceu.  for  "..  kin.;  ? «/!».;.«  y  ct. .ckin;.;- 
oil;  nd  .i -eon  "tutyln,  Ui<-  ua.nf  ict-ur*  of  •  rap 3 lea  v  a.lo v.»y  Vi..,  ;oi.« 
f-wy.hhat iy  the  quartien  of  rn-ki,..'  mu;  t  .r  .,»•  ay  ;n*j  •:m'or..y  .rifle  v  ^ 


t  Aon  up  it.  f 


r.  ..'-rn: 


t.iai  in'  ,;h  r.'.  0.  :i:  1  t'v'.d  .i’CU 


.t  fh.  .meiie ;h ’’river* ity  .'porimont  :i>tlcn.  ~aa  act  ii;  of  f..  »  r« 


kicn  a<  V  ac. .a. 
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orke  e-t  lo  :-e  .-xt  ..t  y  *c*:*.t  at  l.c  eerie  .  ';.iv  .  -t  ty  -aj  ei  i. 


. .  y  I  rc  f  J*  tor  daibef;;  t  twe  drivers  Lty  0. 
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se 


k  contract  for  nukin;  aueturd  ,;it  by  Inis  uetiio-i  .-a?  made  -.dtu  U.e  Oommorci  -1 
Iveuo  .roh  Company;  out  -.at  ufterwardn  r.  .ncclled.  'Y.it-  i-  tne  l-jo’  ..oa  by  vh»i ch 

the1  Gurams  ra-  ie  ill  their  must  .rd  is.  rne  -.ii  f  ficult  step  in  it  is  the 

manufacture  of  the  chlorhydrino.  ;V:~  tuis  ar  >.  -ictriorci  .1  p  roduct  in  rcun y, 
it  apparently  never  occurred  to  t«c  ^oramo  to  ;  i  .  • . ..t-i- or  mime  ml  tuey 
were  h  .:;cii capped  i-i  consequence  ho-  -  .ute  they  ..ovtir  succeeded  in  m-kim  mur-t  :v. 

oas  or.  re  illy  l.-.rge  ec  tie*  ,.ae»  t-.oy  n.u  accumulated  enou  .*  stock  they 

/1»4k4U~ 

muotarri  is  att  .ok  .nd  non  u.ri  r.o  it  ravo--.l  mo.  it  hr  Until 


they  could  ^et  aiotmr  supply. 


f 

hin.  mur-t  jru  it  by  me  inter- 


On  p  ap  or  ttio  simplu't  metno-...':.i  i 

A 

action  of  elnylenc  nn-i  rulphur  ..i chloride 

2C2H4  t  Ohio  =  (CH201CHj,)l0. 

Tide  had  •rd.u.dUy  oou  tried  at  the  Mellon  Institute  in  tne  autumn  of  1017. 

Vhe  first  re  .ction  H  tas.  form,  ion  o.  vu-  rut  .  niori..  t  i  r .- .  ur.  ily 

t-.kes  pi  ice  rat  idly  j  :e  r  1. '  o  tu..  .o^u  .tlon 

{  CH^ 'Jl  Cir  ? } I  v  hi  ’1  ■>  n  (^H.-'yi’hi  *1  —  r  —  i*ii»> hiii/l)  ♦  hoULri  v  rial 

This  prehu ct' i i  not  toxic  but  boi i r  t  .lmc-t  in:-  •  .me  t-.inpt  r  -.tun.  is  un  i.  ru 

•r  i..u:  ;i\f.:i  •  •  i-i.  *.c  n-  ;n  onf-u  im . t'.i  •  ;»>•  .  r  -point  ns  ..  iojtfd  as 

the  criterion  of  purity. 

:>irly  in  Jnni  ry  1316  tun  .‘Him  <’  *  it-.'.  !  h.  i  i  rc.  fi-ta  e  r  j  cj  v  hud 

succoeioi  i>.  nkiaj  i-|»ur«.  must  .rc  -  «y  "ni.  -;vt»x  u  *  ■  little  InU-i 

I  opc  s  he  'iw  i'^ort.u.t  .1  sco »  *y  in  t  i  .*  ry  jury  au.t,  .a  ^  a  ■:  .  ,  n  - 

p  rid  .y  i  a.;  interact- iru  o .  --t.»yio».e  it  ■■  ui- ..ur  moir.c.ijori  c  t  'iUu.  »»n 
OiU.ti.n  m  y  ho  ritoon 


kf  +  104* 


ei.IL  ♦  !»&,  a  ICtUUCtU)*?*  *  ! 


i  umiou.-lcdJy  *  .do>  in  two  «-t 


•if 


u.c  i  1  r: 


ihg 


C„H4  ^  II  Cit»  Cl .  CH^ .  o>Jl  t  '■  • 

The  intenaedi  ate  product  ie  ilnti  able,  •rlit'in;/  off  hy^roculoric  a«i«i  re  *<  li¬ 
ly  and  .;oing  over  i  to  i-.iiok,  black,  .u >,. > L -til i.  die  ciLn.  To  keep  tiu.  amount 
of  this  p.  roluct  to  a  minimum  it  is-  evidently  a*nir  ..ie  to  n.’vc  -i  m  oi. cent  ra¬ 
tion  of  etiiyleue  -iv  hi;jtt  us*  pot title.  It  i  c  p  r-iotio.  j  iy  cert  J...  ... -i  •  av-re 
if>  i  revcrr-iblc  iquiliiriu'i  between  c-ulp  hur  aonocnlo  ride,  .-.ulpnur  .  iealorido, 
and  nulphur, 

C  r»*|  -4  e  Tl  A  C. 

012  ^  i;uin  7  ^ 

and  th  t  the  actual  react  in ;  s  ubs:  i  met*  i?-  •  nip  hur  diculori  .e  "it  loir  com  rent  ra¬ 
tio/. 

In  *i  .kin  nurt -.rd  .o  y  iu«  :u];i.ur  saiovidu  pro  cars  it  it  net 
•advant  .jeour  to  ;;o  u  ore  uu°C  hoc  ,ui-«*  •a.e  iiiXt?r«*»>-.-i  .tw  j  rc ct  .u;o  i  Oi-ci  too 
rt -oil;.*  md  an  i'.Tj.ur.-  prenvet  v  ob  dhw-:..  ■-  ic  .. r  •  .* .»  u.rr  Ts-  -ction 

t  .ker  pi  .co  more  .  cut  it  ;»y  ..t-vir.etc  it:  in  '«  Ua  .•  u.  .*  lair 

cat’  he  count*.- rb  .1  .need  -y  a.  i  n0  :>u*  t..r .  .,.1  as  .  roiveut  ad  .u  in.,  lav  i  ul- 


nono  .-aio-x. .r  r  i  *i  u  .a 
,  t*  t — _‘l  < ;  i.  i 


t  . 


C  .i  ll!,  In  •  lii ; 

,« 

r.c  1:  f-.i  rly  rcluelu  i..  a.s*  t  r 
n  •  aoet ; .  rfi  .vi.y  ....  ..  ••o\  •;*  id  .•  '.i  ■  ..  i 
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pin.-  -no no •••aio/x.-i-  ;■ 

r  o  op 
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in  ;  air  ubs  *.  r.ea  .ianyr  in  •  .*eet; ,  rfj. 

!i :  •  r  i  vo,i  v  njiutio  i:  a  -inod,  t«i*  ui  Jit  .•o*.e,-sv' r  ■  ■  im.  ..i.  .vt*  ;  ce  lar  s.-j  ue  i 
of  rv action  M»f  ioieutiy  to  eoo$out-»tc  or  ;u  !**«•;  -r  stirs.  Vti telly  iUe 

o  i.u-.-  ic .  or  terser  tu/v.  Tho  ,;M  -t  .dv...t  \>  p  ;  c.vin  t  ’a-  ic...*  -.a- 

p.  r  ilu.-r  i*  in  he  free  t-ulj  «ur  i»*  k-»;t  aero  *>••:  iiy  in  soiioid  .1  reindict., 

...  ri'c  utt  .  is.,:  elo  .r  yell©  li  .ui.  i  ..hi on  oei  no"  *Ui*  ..J»*  •  Vvl*. 

on  Ion  -  •!  n  in-;,  t  hi  r  Ur$.  .*  *ur  *  i  *  1  pc-:  UK  to  ('eoj;  t..«  :  tl;  .;:«r 
in  tu.-|  etsfion  >?  .imolvin4;  0.2  .  rcent  of  a  t  .liic  -nli  io..y  i..  .<<  -lyaur 

-ao  coiioi  1  ••  ulp  «»*•.*  «  n  i  «•  ;  *  i}  i  -  irh  by  ...  -in  ae 


/o. 


mot.ochlori  o. 


mixture  to  120° 


for  a  few  hourt  unu  then  cooling,  or  by  pun  ing  in 


little 


ammonia  (ou  . 

The  yield  of  muiit  .rd  gue  it  about  85J-I  of  the  theoretical  but  otdy 
about  50/1  of  the-  tneoreticul  .cacunt  of  free  tulpnur  Ine  balance  pro  bn  bly 
toeing  present  at  or^uic  poiys.ulpniuet ,  of  widen  cue  very  poetibiy  hut-  the 
formula 

( GHg OlOHg ) g 

It  it  thought  probable  that  tide  product  if  formed  accordii*-.  to  the  equation 

+55 

2GH2ClCH2bC^«(Cn2cu;h2)2i:5  ♦  b2d2 
The  Ifin.'lis'h  made  ethylene  by  the  »c  -on  of  concern  r  ted  photpnoiic 
acid  on  alcohol*  Thii  vruf  tried  out  by  the  l  mull-Lcaio  b!nnui\.cturi«;. 


Lection  Lut  a  .r  not  found  sc  pat  it  factory  up  tno  e--.  ..lytic  d  t»  comp  o  til ion  of 
alcohol  by  mount  of  kaolin  at  recommended  by  the  iruicn.  Improvenientt  intro¬ 
duced  here  wore  the  thorough  f-orubbin  of  inu  etnylone  and  the  tubpeqent 
uryinj*  -iith  sulphuric  acid  to  >tn.r  ■  itn  tuo  ure  of  file  roc  blocks  tnrouvh 
wnioh  to  introduce  tne  etnylene  into  t no  ro-.ction  ko  tie.  ...out  700  lbp. 
of  nutt  .rd  ,o  were  r.  .ie  in  ...•.tniu  ton  by  tm  .»0rc-.rcn  ..i'.  i:  ion  mi  ere  tue 
prooenp  ear  turned  over  to  otu«*rn  for  r  uvelopsacnt  c«  large  rc  lo. 

a  einil  r  procedure  wuo  followed  uitu  om-r  uaet,  Tu«  labor. « 
tory  met i.o ut  were  workou  out  by  tne  Offonoc  bneiiual  heee  .rcn  Lection;  e 
oomider  bole  amount  of  tue  rant^ri-l  «up  made  by  the  baiull-be  ,le  If  nu;  .ctuiing 
Section  cM  then  the  procot  i  uup  turned  over  to  tno  Develop  runt  idvitien  or 
tb  the  Cffemo  I  reduction  fdvitiou  *u-  t».«  cut-e  might  be.  In  mil  |lif> 


'4. 
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Research  civil  ion^  kept  in  fairly  clo*. e  toucn  with  the  1  urgeeccale  production, 
eo  ue  to  be  able  to  straighten  out  difficulties.  that  mignt  arise. 

In  carrying  out  l hit  p  rogroomoj  the  Snull-Lc-le  manufacturing 
Lection  made  approximately  the  following  amounts  of  certain  gates:  mustard 
gae,  700  lbe.;  bffombenzyl  cy  aiide,  600  lbe.;  butyl  mercuj  i on, HOC  lbe.; 
chloracotophenono,  1000  lbe.;  diphenylciilonu eine,  4000  lbe.;  nitrogen 
tetroxide,  3000  lbe.;  dichlormetnyl  arsine,  2000  lbe.;  di;  jru.ylunine  chor- 
ursine,  4000  lie.;  cyanogen  cnioriue,  4600  lot-,;  cyanogen  bromide,  600  Ibr.; 
liquid  .>rt;ine,  2000  Its.;  euperpnlito,  800  lbe.  The  m-uiufucture  of  :  omo  of 
theso  call  Ad  for  u  vary  executive  preiimir..  ry  ccientific  ttuay.  For  in- 
*tance  cipnenyl  culon-.rsiu6  wa*  neir.;j  used  by  the  uor.au.rn.;  iut  nobody  among 
the  .Uliee  nad  any  idea  hou  it  could  ;.e  made  o..  tit  facto  rily.  It  wut  finally 
di  tco versa  taut  it  could  be  ra  .de  in  two  %  t  .go:  ,  by  the  interaction  of  so dun, 
cnlo.bfen.one  .aid  arsenic  tricnxoriue  to  fora  .ripuenyl  arsine 

bnu  ♦  3b-hjCl  t  AiClj  *  (^5^5)3*^  ♦  61b. (jl 
and  then  heating  triphenyl  ursine  .vita  arsenic  trici.io.ride  in  -.a  autoclave, 

2(C6H5  )ht  t  AtCls  =  3(G6H5)2.if  Cl. 

The  real  problem  v;.v  not  to  much  tne  reactions  involved  ai  now  to  handle 

l.  ^ 

tkJb  0  .ium  p roporly.  Tne  Britisn  fe  it  in.  small  lutr|c;  but  tnw  American 

A  .  :.s 

method  toons  u  setter  one.  Twenty-two  blocks  of  eooiun  weighing  a/6  lit. 
ouett  were  pi  cod  on  un  8-acsh  rereen  u..d  melted,  tin.  oxide  a.d  t-ora*  eut.j;  led 
sodium  ronuinin.  on  tne  screen.  Tho  melted  sodium  u.i  driven  by  c..:bon 
dioxide  j  restart-  ti.rcugn  a  ejeciai  ip  ravin  ,  neitle  into  cold  l.enrei.s  <.icu  vac 
stirred  vigorously.  Tnie  g-ve  a  finely  uiviueu  t-odiua  widen  reacted 
re.uily  viln  color  venzeue  said  -rtenic  tricaloriue.  If  tne  tediun  it  ruu 
in  too  rapidly,  so  much  benzene  ie  vaporized  in  it  a  fog  it  formed.  dMftr 

f5. 
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After  the  reaction  hue  taken  place,  tne  sodium  chloride  eiudge  ie  filtered 
und  vacuum-t reut ed  with  steam  to  recover  tone  of  the  benzene.  The  yield  of 
triphenyl  arsine  it  ..bout  85$  of  u  product  95$  pure. 

The  Germans*  used  etnyldicxiiorurtdna  apparently  because  they  hue 

ft 

no  turtle  factory  method  of  making  methyl  ui color  ursine,  ,hi«:h  it/more 
cutis factory  eubetunce.  Tho  iUseeus  n  Division  developed  methods  for  nakin 

both.  The  methyl  dichlor  nine  cun  be  made  in  tnree  etugec ,  ct-rtin,;,  v/ith 
sodium  arneaite  and  making  from  this  uii odium  methyl  ureenit«,  Which  it  then 
converted  into  methyl  a r cine  oxide.  The  first  reaction  i-  c  .rried  out  ~t 
85°. 

(1)  t  {(^2)2  tCh  ••  ♦  i.aUii^bC^ 

Possible  dit turbine  tide  rentier.!  are: 

(GH3)2S04  t  KuOH  *  KaOHjSO*  t  ck3oh 
(Ch3)2SC4  ■»  a20  =  Cri3hbC4  ■*  Ch30h 

r“l 

bulphur  dioxide  is  then  pas  ted  in  at  50°  -  55°. 

(2)  NaCihjnf 03  ♦  2bCj>  ♦  a«jO  •  uiijutC  ♦  *«•  Uib04  ♦ 

The  bis  ulphite  tuue  formed  ie  uocotnpoted  -it  11  sulphuric  .. cid  because  other¬ 
wise  if  sulphur  dioxicc  were  tot  free  in  pretei.ee  of  methyl  ui Ohio r- nine, 
ti.f  ctc.pin^  ;>e  would  c-rry  off  a  t,rc..t  part  of  in-  netnyl  uiciuor-.rsine 
with  it.  The  methyl  arrine  oxide  it  thenconvertuu  into  methyl  diciilor  .sine 
by  the  action  of  j(y  ro chloric  acid  at  -»  '.OBp^r  lure  uuove  85°. 

(3)  Uh-asO  t  hCl  *  Cn3<teCl2  t  hal. 
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An  arsenic  compound  which  formed  an  excellent  smoke  was  ob¬ 
tained  by  Dr.  (afterwards  Uajor)  Adame  through  the  condensation  of 
arsenic  trichloride  with  diphenylamine.  The  reaction  is 
[C(F5)£mz  *  Asci3  ■  CfiHs.lT.C^IgMeCl  ♦  2HC1. 

The  same  product  was  discovered  indej>ender.tly  but  a  little  later  by  the 
3ritish,  -who  assigned  to  it  the  structure  formula  0 ^ 0 .  The 
substance,  which  is  known  as  D.  II.,  forms  yellow  crystals  melting  ajt 
193°C.  It  is  strongly  irritant  to  the  respiratory  tract.  A  concentration 
of  C.3  p.v.m.  produces  a  very  irritant  atmosphere,  causing  coughing 
(in  some  observers),  pains  in  the  chest,  and  to  a  less  extent  in  the 
throat  and  nose,  together  with  the  general  symptoms  of  nasal  catarrh, 
qualitatively  the  physiological  effects  of  pure  D.  12.  differ  consider¬ 
ably  from  those  of  diphenylchlorarsine.  .’hey  develop  more  slowly  and 
last  longer.  The  method  of  manufacture  is  very  simple.  Ac  arsenic 
trichloride  and  diphenylamine  are  heated  together  until  the  tempera¬ 
ture  of  the  reacting  mass  is  190°0,  the  temperature  is  held  between 
170°  and  180°C,  at  which  point  xylene  is  added  to  dissolve  the  D.  II. 

The  solution  is  drawn  off,  allowed  to  cool,  and  the  crystals  removed 
by  filtration.  The  ylold  in  the  small-scale  manufacturing  was  about 
64/C  of  the  theoretical. 

Cyanogen  chloride  had  been  made  ly  the  French  and  their  nothod 
-was  adopted  here,  but  a  good  deal  of  work  had  to  be  done  in  regard  to 
details.  The  General  method  is  very  single  and  consists  In  the  dhlori- 
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of  aqueous  Hydrocyanic  acid  at  low  temperatures. 

HCK  -»  Clg  a  CliCl  ♦  HC1. 

Two  dioturwLiitf  oiiie-re-ctiohi.-  art*  t«u  hydrolysis  of  cyanogen 
chloride  in  presence  of  hydro  caloric  acid 

CNC1  ♦  2H20  =  CCg  f  iiri4Cl, 

and  tne  polymerization  of  cyano.jen  chloride  in  j  restnce  of  c..io.ii-u. 

3  Cl  J  Cl  =  (c*.ci)3 

The  actual  method  war  to  add  cnlorine  tc  8‘!  iiCii  at  temperature?  not  lower 
than  -2°!;.  or  wither  than  #  2°C.  This  ext  re  ;e.ty  narrow  U  .p«rature  r  i.;.e 
in  necessary  beca*-  no  tne  catalytic  duco  ip oeition  Ly  hydrochloric  acicl  be¬ 
comes  serious  r.t  ni-jat-r  temperature?,  and  at  low  temperatures  tat  rate  of 
cnlorin  ition  in  too  blow;  After  chlorination  a  xiitie  ..ydrocra-ic  acid 
is  added  tc  react  with  any  excess  chlorine  ana  tne  product  ii.  subtil  led 
in  a  jacket tud,  di;  continue  us  t  i  i  lx  wit*,  a  reflux  cooler  kept  at  0°-5°. 

The  balance  of  t»ie  nydroc..Xci'ic  acid  it  re  :ove.i  y  psiiiu,,  tnrouj..  a  tower 
filled  with  limestone,  Tne  water  contort  ca.  bo  cut  uewn  to  o.l*-  by  ataus 
of  a.nydrou!  cuxciu".  cnio ride;  out  t*.x  1:  ns.necett  bec-.i  t;  the  j  a, duct 
it  qui  te  tt.ublo  n.*n  eat u rated  uitu  water  (about  l;i). 

Cniorncetoj  .icnone  was.  made  b  d*io .i*.aiiu  acetic  .ic,  i  to 
.v.Oi.ccalornce:  ic  acid,  co*.  erf  i*. ,  i..i!  i  c  c.  ,oi  cet.  i  c.-icrioe,  a.  n 
causi.i,  tuie  j  rcduct  to  react  wit.,  bonzem;  in  pretence  of  alt.  d*.a  c..lcii* 

Tne  culmination  of  aceti  -cid  ii  ru  a*.  t.»u  .ci  ti,  p  t  -*»t  ir. 
pretence  of  sulphur  “onocalo rice. 

(1)  C.ijjCOji.  tsClg  (tigClj)  ■  CHgClCOjjii  ♦  Hill 
Tne  necessary  condition!  for  a  nx^u  yiex.i  o;  •e:.oc..if>r. colic  acib  .u..*  a 


low  one  of  dicldo nicotic  acid  are  o,  recti  o  istirrin,;.  and  ru>  id  ru-iitiion 
of  chlorine.  It  is  eor-ential  to  use  jure  sionocniors.cetio  uciu  for  tnfc 
next  f'ta>:e  v/nicn  co matte  in  (no  chlorination  oi  c.tio meet  i  cnicride  at 
40°  in  presence  of  sulphur  chloride. 

(2)  ^HgClCCgh  t  SigClg  t  3Cla  =  dCiigCl’JOCl  *  2S0.>  t  4ilCl. 
Tho  third  sta(;e  consist!  in  tno  reaction  et,  .e..  c-dor.., etylc.iicri.de  and 

t .  v  !  '  ' 

benzene  in  presence  o i  auipwur  c».io ride . 

(3)  Can.  b  ICO  Cl  4  Ogii^(iilCi^)  •*  C^r.^CCCn^Cl  ?  xiCl. 

Ohio racetcp ..e. .  om  i«  an  u*,j  leht-um  substance  to  ..iu..e  i.tt cause 
it  in  not  only  a  violent  xacnryiuitor  ~ut  it  uit-o  exlre.-.oiy  jainf.i  m  ixt- 
oflt. cti»  on  tno  ek.tU  .-..in  on  tne  xsuco m-  uie-si.r-n ibc  of  tuo  i.u  t\  .  t..i  .nt. 
Contact  wit.,  tnb  oubetftace  eits.er  ir.  tno  tciiu  or  tno  concentV.itoa  v.-;  or 
fom  cuur.eo  art  intenee  .  umin  -  eemation  of  t..e  t.  in  v/uion  aasti  several 
ileum.  tao.in;  with  water  merely  a.; 'rnrat e:  tno  muxs.  ,r  ana  :.,o.iti  *  o 
raeorto.;  to  a;  little  at-  j  orairle.  "\»u  hot t  a..d  .uicket.t  relief  Li  o -tax 
y  vaeuirt  j  reportedly  /itn  ^aeo  1  o:w  or  '.ororona  ..ic..  die  j  one  t..c  •  roduc 
.mu  aito  carry  it  n.uy  iiy  evur  oration.  On  coca  dry  dayo  1**e  l.ct.ry  u  m  y 

effect  it  uoh  decreased  ..nd  i*.  it-  corret-  0 ..dir.  ty  lucre  -al  La  r  r*i 

wou  nor.  T..e  dry  cryt-t.il t  can  0  umdieu  «it».  ec  j  .miivo  eg  fort  duw  to 
the  limited  vu;  0 fixation  rt  ordinary  to  .5  crue-re,  w.dio  a  roi-itio..  of  tno 
product  in  a  readily  vciutila  Liquid,  t  uuu  uo  .oi.:omi  or  alce.-ei,  it  s.ca 

tore  violent  in  it*  o.foctt-,  iteu is  ,.li0  In  oncer  jam..  carries  , 

Xu  .uitinll. i, 1  C  w.orj.coiojjhenono,  r »e  or  .jiovei  offer  a  rl.  sited 
protection  as  tu»  j  redact  toon  works  t..ro«tj..  1..0  rob  or,  Tao  fu  trice  r<. 
iovec  aide  by  the  Ju|on:  Company  v.«r«  et.wr  in  tail-  reijeoi  bat  ot-ru 


objwctio nubia  in  buiiv:  ;o  Indian  tic  un-i  prone  eo  cr  ok.  jut 
tight  ?;og.'l«e  n.  J  to  bo  woi^Jc  in  ti*e  j  lu.t  pr<.eiic  J.ly  ill  the 
tifflo,  .*!.d  raw  o  bn  were  necerc  ry  darin.-,  certain  oper  .tinne, 

Brombeuzyl  cyanide  cm  be  nj  .do  by  ccw.ve.tin.;  cflnzyi  c..Ioii..e 
into  ben.zyj.  uynide 

J. 

Jl 

CgHgCHgl)ii>  f  !<  'Cli  *  CgHjCrigCii  ♦  ituCl 
•  .nd  bro: iinain^  the  latter 

^  b r^g  m  t^h^bhbrbn  ^  lilir « 

Tuo  molnod  ea$loyed  in  tuir  country  vru»*  b-sud  on  :ne  French 
raethou  but  involved  a  nUibnr  of  'aedifi  j  ti  ms  . 

;>ry  tiodiu:u  oy-niv  will  .ot  run  at  “■•i.tn  benzyl  o  .leri  .e  * 

.ni  n  rztur  .Led  apuoous-  r-ciutieu  oi  t-edinra  mide  tv. .cl:  V  .ry 
.lowly  *t  l.ut.  boiling-point  o.  tuc  &.\tur«  (..bout  bu°d)  oven 
whan  the  stirrlu  ic  very  vi  >  u.  .  "his-  ruuia:  to  oo  .u*>  i.. 
large  p  rt  to  tan  inr&iyfciiity  o:'  m  two  liauidt-  for  tn  •  re¬ 
action  oeo  pr.cti:-liy  io  ecu;  I  .-tiou  in  throe  nours.  id  tni.ru 
be  1  ,u  .-ic uni-  of  9b  -  ..iocr.Oi  <l in  woi.nl  c  tin  benzyl 
.•niOiiiO.  It  is  as  •  enti'tl  In  .i  in-  nv.  zyi  e..iori-.u  vnoUi  .  be 
fairly  pure,  ninety- live  j  wreom  ol  ie  eoilin  ,  bet  weut.  175°  .... 
Id5°  u,  the  boiUn^  point  of  pure  benzyl  cnlo.i.te  Vein  i»9°  C. 
Free  toiuuuO  in  tnu  v-enuyl  anlo.‘l*u  rut  .s  _e  tuv  re  we  inn  h-.t-voon 
eo  iiu:a  ay  -uide  subs  .  ua?yi  ay  .»dnu.  »c..r..ii  c..io.‘i'.e  ..Oni.  ee 

elirtiu  .tea  ec  .Ulu  it  ioriis  b«nr.,i  .n.'ae  ...  e’  ..  r  Ctr.t- 

plio ited  Ct-T| uun.it  ...den  Iulo  f-ro  .It*.  t.a  1  U;"i  •  i»*.  ,.ira;  c  i  tnu 
oosazyi  cy  odd*. 

After  co  titiou  o.  -Ui  YOU  o*  . *i  Oil 

l»yur  ii.  tiiv  still  i*  fairly  juru  c;;  *.i  *c#  t*.<.  iw* 


m  inin;  30^  is  cc^or’sd  o.'  t..rry  tub  t  ..wm  ,  t»u.  ior  i oi 
wnich  eoemi;  UnnvoidY.ln  oince  .to  a  tuc  .  i;  .»•  U>«n  found  of  j  - 
voi.tin.,  In* ir  occurrence.  .»;ver  rio  t  ot  .»*.  ilconol  ;;..c  eon 
rtciovod  t,y  liBiill  I  icn,  un.  uru^)  benzyl  cyuii.it-  m..y  *>«  iuu« 
jocted  to  fractional  distill  .tion  to  purify  it  frou  uncn.n^od 
Lenzyl  cyanide  <und  i’roa  iitu  tarry  natter;  Lul  l, at  untuilf-  the 
runov.tl  o :  tin*  ret i -iu.il  t  .r  frca  t.n»  fraction.. tin -  itill,  <d sh 
it-  a  wry  difsisuit  in  i  unjle  o  ml  Tartuf  ..uvai  inr  oper.lioa. 

The  irt'  irc  i  n  ul:  is  tecurvd  by  in  roeucinj  live  rtu  ca  i:*» 
audl  ituxy  «»rt«r  -.m.  reao  v  .i  ci'  ...  -  -Iconoi  ..*» ;  .d  s.cu-.  re-covin  •; 
i-sib  todiun  adoiiau  -c iutiou.  .'h-;  oil  rurduiiU  or.  -op  oi  tuu 
aqueous  -oluliii.  w.ti cli  i..ciii>  .tet  ?wr«.  .uy  itr  . -.-rie v -1  .y  u;c 
tte.JB,  VUu  ii  still  .tic s»  |  rocoudt  ’..i  ...  i«  ...  .  no  i».» 

:r><  in  *.nv  ;  louut  os  -r,  u  :.o  ••*»c.,e.-.» «  in  u.  .■  yi  .*i.  o  . 
tenif'tri  situ  ci.. .  i  o. ....ilu. 


.rice  ,-rj  o  .  «ryl  cy  id  «  re*  i  ct  juri:i*.i  y  *r --ctioivil 
iiotilL  lion.  "nii  invtl\>  --  .»i ,.n  t  ^  *r  lure  i.  c n*.  .i  .1* 

noojrti’fic  frtts  uru  ..a  i  v  ry  c  .ufcl  i'u./j!  i ;  ....  v  e»«ui 

if  icrt..  it  ;idui:..ei  r  s  "<i  -.U  u  it  i.  til  its;  /  c;  e..Ul 

«-s 

•  Hit  ■«;  ui*yi  ay  ,.i  v  : ,.oul  .  coti  i  ..it;  4(A -*o  ,r«»i»  c.  .l.V  C, 
tit*.*  ollin  -point  ci  u  -  piiiv  c-^cimd.  c  a  tuino  .c re 

•iov  .lof  i.*;  PUCsOi  t  £ui>  y;  Lut  . ;i  ,<  iofc  ‘;i;»  u;.-« r  dl4ii.it. .e> 
pr  etu r e#@it  l.iu  tUef  o.  -C.  “;.u  V  >CaU'*  u-  A  t 

4,5  tnc.iii»  u;;  .or  ..dc.»  eos;;alir  •*  t..<-  „c  .>cvv  ;  *1L.  -jci.;  o. 

.0 

erw.cmi.  yl  cy  .< >.  . c  1  ISO  lit...  .tus  .  5,-c  it  .c  <  cc..,  .ct 

vita  t.ic  cruce  tiuryl  cy.i4.idtt,  os»c»u:  «  any  U 

U 


chloride  present  ’/dll  ro  ict  with  the  iron  with  euU-en  evolution 
of  heat,  the  reaction  taking  pi  ,«e  with  explosive  violence* 
Furthermore,  any  iron  salts  which  may  he  cari*i*5u  over  interfere 
with  the  subsequent  breed,  n-fci  on.  It  it-  there fo.  e  necessary  to 

line  all  iron  upp-r  rLu:-.  ihraiui  ware  i:  unroll.. i.le  at  ni  ji 
temper..  1  uree  and  consequently  the  fraction  .tin.,  still  h..p  to  ho 
lined  with  lead.  Besides  tjiviu.;  a  pur  r  product,  tno  distilla¬ 
tion  under  diidni:  non  j-ucoure  n. ii.e  udv<4...  .....>  of  lorn  o..in,  the 
danger  oj  mol  tin.:  the  lead  lining  of  u*  r  till* 

r 

It  is  possible  to  yet  co.-ipl'-te  convention  of  con  yi  cyanide 
tc  brorabenzyl  cyanide  if  condition*  are  urr..;i.au  c-.ro fuii.y*  The 
pure-  .■•ouuyl  cyanide  i:  heated  to  70°  C  and  l  definite  Mixture  of 
.,ry  air  inn  i.- rc-'. line  .  .j  or  it-  admitted*  For  a  ,ivon  ...count  cf 
bromhi-ai-  y.l  cyanide,  tne  theoretic  ....  mount  oi  ;  rt-..:ine  vapor  if 


used  and  the 

correct;  or. 

:in  ; 

tn  or 

fie  .1 

•mount 

o  .  i.yd  ."o  b  ro  -i  c  .4  ci  d 

is  evolved. 

T  h‘.‘  r  0— c 

’cio  r. 

riu--t  ■ 

.0  !'t  :i 

■tod  by 

.  en_i,*nt,  -rii iici-.l 

li,.ni,  or  by 

..unit:  in,. 

to.". 

'J  lr(;  tbu.*'\  i 

c y  -ui  1 1 

e  M-.de  in  4-  p  r  ,-viout 

batch.  fiiis  law  ter  rnetnoa  ii  i.-y  f  ,r  m  c-.ieit  icr  m  .nut  .cluranj 
pui’po  ■  ot  ui-i  it  ..  sure  o  t  ;  t..rt  u.a  inv  itiflu,  uni  oh  then 
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.•>  V  If  0  ;•  MU  4  i.i 

bo  introduced  tco  rapidly  >.!  a  »ii  *n  concenT-T.-laon  lu  an  o  ’>no 
fom  i  ion  of  l  an  time  .vibro.iii.w*  I  u  f  .Iciont  air  mu:  t  be  -fi¬ 
fe. 


Riiitud  with  the  bromine  to  eweejj)  out  the  hydro  bromic  ...  .id  or  oioe 
a  hydro  bromide  may  bo  formed*  Too  much  air  mus.t  not  be  aj.ut  leu 
becauee  thei^lome  of  the  nro  line  paceuf.  tnrouch  wiino.ut  re..ciin<> 
Iron  nufct  not  be  present  becaure  it  acts  at  ...  catalyzer,  e  .uiiinr 
tiie  bromine  to  substitute  in  tin  rint;  iaiau  ui  of  in  .he  tile 
chain.  jfoit  lure  rauVt  e  kept  out.  A«  bromine  vapor  a.y  be  cut 
off  burin,;  a  ruuj  if  :;«t  i .  ;  ut  i;  it  very  import  nt  not  to  cut 

off  the  air  current,  .adds  air  ..lone  has  been  run  lnrou>  Ion.' 
er.oujn  to  remove  -ill  tue  hyarobro.de  acid  . 

Wnen  pure,  bioicenzyl  cyanide  r.ioitfe  at  ii9°C;  but  such  a 
product  o  n  be  oet  iueu  only  ey  recryvi.  dlizin  .  from  -Iconoi 
an...  ini .  i;  ..o"..  :.v  :e:  :".ry  ior  .r  puroaf.  ’.ii-  nullia..  point 
of  the  manufacture.!  product  ...vier  .  ctnoei;  15°(J  ainl  £5°C,  de- 
p ending  on  tile  purity  of  tm-  .  r  .otionuteu  bonr.;/i  cyanide.  "'he 
product  i;  never  s,  dry  tciid  on  cry:  t  .ij.izai.ion,  tn.ru  d.v.y: 
hsiny  a  s  iijnt  mount  of  oii,  ...icu  i:  .  rk  cry  an  anile  i  he 
cryet  -It-  r<  yelioa .  Th-  »»i  ..iy  purifier  pro  .act  is  ,  ..c.-..ni  i  e 


‘but.  soon  turns  y*iio»  c  inw  io  incipient:  ie^onpoeitiou,  .niclt 


app  .rent ly  stojr  soon. 


■■  t>ro:i»en‘  yi  ey  -*.i  e  i.  -a  *-^a  rwivly  pat  tu.r.  i  .c  **ry  i  ter. 

..  nu  iVijr  of  tar  o«i.ivn  tiiui  1  •  .  ilua.  it..  ;  a*  toi  ’*•" -‘f  n  . 

re  *1  c / *ni  .e  v*ts*i}  .i  r>.b  i.,  ...  .... -piv t  .n  ,  wuuk  1  .ter  it 


vv  :  i\eiii.de  to  to  rk  in  the  o- ib-pit  fci>  ..out  .»  t* 
ooro  a  in  -un.tJL  c  ah.,  .o  tenure  i.c**ry.i  « u  ..  tro 


-  s>  i:  ior 


ieV.t  u««y  i  »y >4»x  id  .<tti  <iii  t  *•  iu  p  reset  ipr-v  o-  tn«  ct 
tuv  i.tu  i.o  ib-pit  tit-  been  ;n  ;.  o v  r  J,  .1.  ai  ■  it..  ;>  no.e 

and  hid  boon  fl  u.n  i  dt.i  c odium  c-..  ton  to  rotuiiou. 


objeto£ouui  le  ii.  j rain.;  eo  ^RielaoiiVftjid  proi.'Hcto  c r .cl.^SA»e-ti>tt  jorjJl 


had/to  be  woivfxn  taVpiuut  practical^  u^t  tno ana  •..i^^.j.-  ^..rfT'ybcos.Uiary 
duriiv  8er\ain  operatic^:-. 

iiutyl  merca;  tua  wac  -nado  oy  tno  ..letiwd  outxi.ed  t;y  ,  but 

.ill  tne  details-  had  to  bo  v/or’ce..  out  >.ore.  7i*e  la orate »v  aetuoa  v*tr-  sie¬ 
ve!  op  ©d  by  Dr.  Hold  at  tat;  Joans-  Ho;  kino  Uni ve roily,  Tno  -peiierU  :etJiod  Id 
to  paes-  butyl  ulco.*ol  vapor  and  uyorr.ipe,;  r-ui;  sd.de  over  a  o-ociaity  ;  rep  ..rod 
tliorii  .ieuted  to  about  4JJ°. 

Cii»^Oi'IpC‘''i.gGoi.jOrl  v  riot  —  Gii^G*ip>U."i2Gii'>bii  t  ri(>C. 

The  catalytic  a.-eut  ie  prep  ami  by  nixing  pu-sice  vi  u  -  oat.. '.rated  (solution 
of  tiioriu  •  nitrate,  drying  in  air,  a.,',  iy-iihin.,  ut  450°  ii.  an  air  current. 

Trie  final  product  contains?  about  24'»  tuori ».  T.»ere  ie  da  ..pur  of  a  ride  - 
reaction,  tue  butyl  aljonoi  sjiii.  L...  off  water  it  fora  butylene  i afield 
of  reuctii.  ;  wit.,  tut.  hyhn.  a.,  eu .iiae^^ *ery  raiiol* ie^ory  coliu,  rb^ie- 


■r  v  -  a - - —  x  \  ,  x 

'h^t  Xi^lo,poubs.to  dip  ..e..;  iC**l«^;an.i..c  wan  j  rep  a  N.  v»/  ul‘,  « V  l Ait:  X£*m' 


u.ct5^o  I  di]  iieir^^due  tt.*  triu-aoriuo,  pfoduu^i.  umiu.  . 

jn  ao  wufc  aade  itK.nj.nmOiu.Ly  .....  very  uearxy  u.i' oartVnffy  the 


\  ririiiph^y'"’’ 

Vs  <v-t  one  tino  it.  in»ou,>»t  po- (•ibU-  u*.t  certain  fluorine  uo'ctpounde 

ni  ;ht  be  duoiraulo  md  a  aoo.iod  of  ot  .-i.ii.y  »luoriit>-  ’.— o  neoaou,  u  ^toau 
ii  ai  proj  urud  fluorine  by  oxactroiyzxii;>  *»i-  low  toapur  iure  i.yuio  iluui^o  -ciu 


i/.iiuu  .  little  LOtaOtium  fluoride  ix.u  boon  ;\idod.  t 


i  f  i" 


r.Uc  ....  io;  .;ut  it  ..as-  founu  taut  uu  u3ou»»r.  of  corrosion  »ue  too  l.rt;e  to 
xik®  t.iiv  a  poo r ill u  net.iod  on  any  oj.ee;  t  tnc  ;  x-ixott  1  .tci  ooiy  tc.lu.  a 
pr  ;*iiio  a. ode  -jeul  to  pioooB  ,;..ilo  -.ii-r^y  :t  min,.  x..  tn.  It  eu> 

foun  nowever  tint  iiuoriiu*  could  bo  c».t  .nud  va'y  s  >ti:  i  etc  ■  •  i y  *.■  wl«*cts*o— 


* 

lyzing  a  fused  bath  of  acid  potassium  fluoride  at  225°  -  250°C  in  a 
copper  containing  vessel  using  a  graphite  anode.  It  is  probable  that 
still  better  results  could  be  obtained  with  a  graphite  anode,  graphite 
diaphragm,  and  graphite  containing  vessel,  this  last  serving  as  cathode. 
1T0  actual  use  was  found  for  tho  fluorine  and  the  method  was  not  pushed 
beyond  the  laboratory  stage. 

Boron  tri fluoride  was  prepared  by  heating  together  boron 
trioziue,  calcium  fluoride,  and  concentrated  sulphuric  acid.  It 
proved  not  to  be  sufficiently  toxic  for  use  in  chemical  v/arfare  and  was 
not  a  fluorinating  agent.  ”o  experiments  as  to  tha  joint  action  of 
boron  trifluoride  and  fluorine  on  organic  compounds. 


During  the  war  many  suggestions  were  made  that  arsine  should 


be  used.  The  popular  plan  was  to  use  magnesium  arsenide  which  would 
hydrolyze  in  moist  air,  setting  free  arsine.  The  eaqeriments  made  by 
the  Research  Division  showed  that  the  hydrolysis  does  not  take  place 

rapidly  enough  under  ordinary  conditions  to  give  an  effective  concen- 

4/  Hst  U  %L  MfaitttCz 

tration  of  arsine.  .experiments  were  still  under  way  to  deterraine  whether 

A 

this  material  could  bo  used  effectively  in  the  rain,  .nil.'  the  use 
of  magnesium  arsenide  or  of  any  arsenide  was  not  very  promising,  there 
seemed  to  be  a  distinct  possibility  of  using  liquid  arsine,  ihe  gas 
is  fairly  instable  and  decomposes  into  arsenic  and  hydro  on^  On  tho 
other  hand,  the  d»ML  liquid  seems  to  be  pretty  stabl  v/hen  dry  iUid 
prevents  the  decomposition  of  the  vapor.  The  reason  for  this  is  not 
known  definitely.  It  seems  ;.robably  that  arsine  as  gas  decomposes 
only  in  contact  with  the  walls  of  the  containing  vessel  and  that  this 
decomposition  is  prevented  wher  the  walls  are  wettod  with  liquid  arsine. 

Tho  manufacture  of  arsine  take-  place  in  two  s  -ages,  the 
formation  of  zinc  arsenide  and  the  decomposition  of  it.  To  make  Mnc 


arsenide  a  cactviron  kettleupainted  on  the  inside  with  a  mixture  of 
n 

graphite  and  oil  to  prevent  the  reaction  mixture  adhering  to  the  walls. 
Jqual  weights  of  zinc,  10-40  mesh,  and  metallic  arsorJc,  10-G0  mesh, 
are  well  mixed,  ohargod  into  th  cold  kettle,  ooveroti  -with  a  layer  of 
eeWr  chare oil^and  he  . ted  for  30-40  minutes,  .her.  there  is  a  strong 
evolution  of  brwm  funen,  the  healing  le  stopped,  The  reaction  mixture, 
who ii  oooled,  is  a  brittle  cote-like  mass  which  can  bo  removed  oarily 
from  the  kettle.  The  reaction  can  bo  written 
3  «n  ♦  2is 


2. 


?2> 


It  is  important  that  the  zinc  ohoual  contain  less  than  ttyo  percent  of 
oxide  and  the  arsenic  less  than  five  percent.  The  heit  of  reaction  of 

9 

pure  zinc  and  pure  arsenic  is  relatively  low  and  the  reaction  is  not 
nearly  go  violent  as  with  magnesium  and  arsenic,  i/hen  there  are  oxides 
present  the  reaotion  becomes  more  violent,  other  compounds  being  formed. 

As20s  ♦  ZZn  *  2.is  ♦  3ZnO 
32n0  ♦  Is^Og  -  2n3  (AsOgJg 

The  zinc  and  arsenic  must  be  mixed  in  about  the  proportions  indicated. 

When  an  excess  of  zinc  is  used,  the  arsenic  obtained  by  decomposing 
the  arsenide  contains  so  much  hydrogen  as  to  make  the  problem  of  lique¬ 
faction  a  very  serious  one. 

Arsenic  is  obtained  from  zinc  arsenide  b.  the  action  of  dilute 
sulphuric  acid,  20Ja  by  weight,  according  to  the  equation 

Zn^As  r>  ♦  SHgSO/^  —  2AsHr^  ♦  32n30^« 

vVhen  arsine  is  aaa>aan  in  presence  of  moisture,  a  white  crystalline 
hydrate  is  formed,  isII^GKgO,  whioh  is  slightly  less  dense  than  liquid 
arsine,  is  soluble  in  it  to  tho  extent  of  0.3Jj,  and  decomposes  readily 
to  give  metallic  arsenic,  which  may  precipitate  reddish  or  in  the  black 
metallic  form,  according  to  tho  conditions.  It  iz  absolutely  essential 
to  remove  all  moisture  from  the  gas.  This  car.  t  e  done  by  passing  the 

gas  over  quick-lime.  If  ter  the  arsino  has  been  li  iuef  ied  under  pressure^f  ^ 

‘  '  '  ~S*l, 
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most  of  the  h;drogen  can  bo  separated  readily.  Owing  to  tho  presence 


of  hydrogen  it  is  necessary  to  run  up  to  112  lbs.  pressure  .0  liquffy 
the  arsine,  instead  of  tho  90  lbs,  theoretically  necessary,  /he  con¬ 
tainers  for  liquid  ursine  are  stool  oylindorc.  The  gaseous  ursine 
analyses  about  93.4,J  AsH3,  the  remainder  ooneiatirvj  or  hydrogen  and  air. 
The  manufacture  of  liquid  arsine  was  dictinotly  a  creditable  performance. 
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i  *  Since  the  gas  is  readily  inflammable  its  tactical  use  presents  some 

|  difficulties  and  nobody  knows  the  exact  value  of  the  substance^  as  a 

I 

war  gas. 


2,3 


As  a  preliminary  to  the  study  of  the  properties  of  toxic  gases 
and  of  the  means  of  defending  .against  them,  it  is  necessary  to  he  able 


to  detect  and  determine  these  gases*  An  analytical  and  testing  section 
was  therefore  one  of  the  first  to  be  established  and  it  was  kept  busy 


j 


from  morning  till  night  in  spite  of  ths;  fact  that  all  the  other  sections 
co-operated  in  developing  methods  of  analysis  and  testing.  The  details 
of  analytical  methods  are  not  specially  thrilling  to  anybody  except  a 
technically  trained  man,  so  it  will  perhaps  be  sufficient  to  say  that 
satisfactory  methods  v/ere  worked  out  for  analyzing  every  toxic  gas  with 
which  the  Research  bivision  had  to  deal.  Three  typical  cases  may  be 
mentioned  however,  the  testing  of  canisters  developed  by  the  Cas  Mack 
Me search  Section,  the  field  tests  for  mustard  gas  developed  by  the  3as 
task  he search  section  and  the  Lefense  Chemical  iesearch  section,  and  the 
special  paint  for  shell  developed  by  the  Offense  Chemical  Research  Section. 

Canisters  are  tested  on  men  and  on  machines.  Multiple  machines 
have  been  developed  whidh  will  test  eight  canisters  simultaneously  ,;t 
cox.tinuouc  flow  of  the  gas-air  mixture  or  at  intermittent  flow.  The  con¬ 
tinuous  flow  maohinos  are  the  easiest  to  oonstr  .ct  axxd  were  made  first, 
uinoe  the  man  breathes  through  the  can! £  ter  intermittently,  the  results 
with  the  intennittont  flow  machines  resemble  more  closely  thowo  encoun¬ 
tered  when  masts  are  actually  worn  in  gas.  /ho  intermittent  flow  machines 
are  capable  of  wide  variation  both  as  to  volume  of  Jr  pascir  tiurough 
and  as  to  nuribe  of  oscillations  per  ainuto.  They  can  therefore  bo  ad¬ 
justed  to  simulate  any  type  or  rate  of  brcathi*g%  Jocpurico:  tests  on 
men  have  cho*n  that  the  intermittent  mchlxios  give  res  ’.Its  in  exc  llont 


agreement  •!  th  nur.  testr. 


•.rc  easier  to  run,  and  aro  truck  more  accurate 
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because  they  do  away  with  the  personal  idiosyncrasies  of  the  men.  This 
does  not  mean  that  man  tests  should  be  abolished.  They  must  always  be 
kept  to  provide  for  unexpected  contingencies  but  they  car  bo  reduced 
to  a  minimum  with  u  great  saving  of  time  aid  friction. 

In  the  earlier  nan  tests  the  men  were  sent  inside  a  gas 
chamber;  but  afterwards  the  canisters  were  connected  b;  tubing  to  the 
gas  chamber  hid  the  men  eat  outside  the  chamber,  ’his  made  it  possible 
to  run  rao:-e  tests  simultaneously  and  had  the  further  advantage  that  the 
man  in  charge  of  tho  testing  could  determine  for  himself  whether  any 
giver,  canister  had  b  *oken  do  *n  or  whether  the  report  was  due  to  nervous¬ 
ness  on  the  part  of  th  subject,  ill  the  toxic  gases  can  he  detected 
at  concentrations  which  do  r.o  harm  to  the  individual,  '..'here  are  two 
extremes  to  bo  ;^/rued  against,  .’he  nan  who  is  testing  the  canister 
may  imagine  that  gas  is  comin.  t’arough  wh.cn  that  it  not  the  Case,  or 
he  may  be  so  anxious  to  avoid  giving  a  false  re  ort  as  to  continue  the 
test  too  long  and  consequently  got  gassed  slightly.  .. i th  the  ner. 
accessible  outside  the  chamber,  it  is  a  comparatively  sirm  1c  matter  tc 
guard  against  both  these  possibli tier.. 

ghe  non  teat  is  only  run  until  as  is  detected  coming  through 
tho  sanistor;  Vut  the  machine  ten  c.a.  be  run  f  .rther.  it  is  customary 
to  designate  the  time*  at  which  gas  cai;  be  detected  coming  t‘ trough  the 
Canister  as  the  "brealalo  Up  to  then  all  tho  g..s  .*as  rsm'.vcd  by 
the  autaiialt  iii  tho  canister,  -ho  JJ,>,  dO,.  points,  etc.  are 
the  points  at  which  9$,.,  JE,*,  JC,-,  etc.  of  tho  gac  is  stopped  a-'.d  1,., 

C,.,  10,^,  eto.  of  tin  gac  in  the  air  oomos  through. 

^ralned-obeerrere  o«e  daUat  auct-jrd  at  0.1 


25*C/ 


When  testing  the  variations  in  absorbents,  tha  absorbent  Is 
filled  into  a  sample  tube,  of  specified  dianeter,  to  a  depth  of  10  cm. 
by  the  standard  method  of  filling,  and  gas  passed  through  under  definite 
conditions.  2he  following  sunnary  of  conditions  for  standard  tube 
tests  on  absorbents  were  adopted  as  official  by  the  Research  Division 
and  the  Defense  Production  Division. 


Qas 

Gone. 

p.p.m. 

Kate  per 
om^/mln. 

Depth 

cm. 

Diam. 

cm. 

Relative 

Humidity 

Chlorpiorin  ' 1 ^ 

7,000 

1,000 

1° 

1,41 

0 

Chlorpiorin 

1,000 

500 

10 

2.0 

50 

Phosgene  ^ 

10,000 

500 

10 

2.0 

50 

duperpalite 

1,000 

500 

10 

2.0 

50 

Arsine 

1,000 

500 

.  10 

2.0 

50 

Hydrocyanic  Add 

1,000 

500 

10 

2.0 

50 

Cyanogen  Chloride 

1,000 

500 

10 

2.0 

50 

Chlorine 

10,000 

500 

10 

2.0 

50 

Sulphur  Dioxide 

10,000 

500 

10 

2.0 

50 

(1)  Accelerated  test. 

If  only  one  point  is  reported,  it  is  assumod  to  be  the  cooper  flame 

break-point  in  the  oise  of  ohlori  icriu  and  the  efficiency  point 

in  all  cases. 
n 

..hen  testing  variations  in  tho  quality  of  ohorco.il,  the  stan¬ 
dard  ohlorplcrin  test  vdt  »  a  concentration  of  1,000  p.p.m.  war  for  a 
long  time  the  ouly  one  in  use.  .is  tiw  oiiorooalc  i;^  roved,  ta  ti;so 
neoess&ry  to  make  a  test  became  too  long.  Laboratory  charcoals  have  s 
stood  up  for  1200  minutes  or  more  against  ohlorplorin.  ?e  enable  more 
tests  to  be  run,  tha  aooeier&ted  ohlorplorin  test  was  introduced  using 
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a  concentration  of  7000  p.p.m.,  decreasing  the  diameter  of  tho  tube, 
and  doubling  the  rate  of  flow.  The  outcoming  gas  passes  over  a  copper 
spiral  heated  by  a  burner*  Tho  appearance  of  a  green  flame  is  taken 
as  the  end-point.  Just  before  the  green  florae  is  visible  there  appears 
a  preliminary  orange  color  ./hi eh  may  be  used  as  a  warning.  It  is  not 
Icnov/n  /bother  the  appearance  of  the  orange  flame  would  make  a  more  sen¬ 
sitive  end  point  or  not. 

It  is  usually  assumed  that  the  service  times  with  tho  standard 
method  are  fourteen  times  those  with  the  accoloruted  method,  and  this 
factor  is  often  used.  There  are  tv/o  sources  of  error  here.  The  air  is 
run  through  raolst  in  the  standard  test  arid  dry  in  the  accelerated  test. 

It  ie  quite  possible,  though  not  proved,  that  the  relative  effect  of 
moisture  might  vary  v/ith  different  charcoals.  The  second  source  of 
error  is  a  real  one.  It  has  been  shown  by  Ur.  Patrick  that  v/ith  the 
high  concentrations  of  chlorricrin  used  in  the  accelerated  test,  there 
may  be  actual  condensation  of  liquid  chlorpicrit  in  the  pores  of  the 
absorbent.  This  ohlorpiarir.  is  held  loosely  and  'ill  be  giver,  up  readily 
v/her.  air  passes  over  the  charcoal,  .'hi a  actually  occurs  v/ith  the  German 
charcoal-  Jhen  this  is  run  to  the  break-point  zith  the  accole’-uted 
o'alorpicrin  test,  ai.d  then  dry  air  is  .  assou  over  the  ch.srcoul,  70,.  of 
the  chlorpicrin  is  renoved. v/here as  only  1C,,  is  lost  by  tne  otaeric  at 
charcoal  under  the  cano  conditions,  ui  absorbent  with  a  lo.z  absolving 
pover,  but  v/ith  a  fine-e rained  structure  may  show  up  very  well  on  tho 
accelerated  test  and  not  well  at  all  on  tho  standard  test,  oir.ee  the 
concentrations  of  tTv  stand  vrd  teet  are  more  nearly  those  of  the  battle¬ 
field,  the  rosults  with  th  -  standard  tost  are  the  ones  to  be  trustod. 

Trained  observers  can  detect  mustard  gar.  by  stroll  at  0.1 


p.p.m.  (0.0C07  mg.  per  liter);  but  only  for  the  first  minute  or  t.vo  of 
exposure.  Lo./  concentrations  of  mustard  gas  vapors,  './her.  ir.  contact 
.vi th  a  dilute  solution  of  selcnious  acid,  produce  an  orange-colored 
colloidal  suspension  of  selenium  ./hich  gradually  increases  to  a  deep 
brick-red  color  in  time  if  the  concentration  of  mustard  gas  is  suf¬ 
ficient.  2he  test  is  sensitive  to  about  1  p.p.m.  (0.CC07  ng.  per 
liter).  2his  method  is  not  specific  because  arsine  gives  a  similar 
precipitate  in  less  time  than  does  mustard  gas,  and  other  compounds 
such  as  diphenylchlorarsine  arid  butyl  merca.  tan  give  positive  results, 
•is  against 'this,  chlorine,  hydrogen  chloride,  phosgene,  ohlorpicrin, 
and  superpalite  give  a  negative  test  even  v/hei.  present  in  fairly 
high  concentrations. 

hile  the  copper  flame  test  is  not  sufficiently  sensitive 
to  permit  of  direct  detection  of  lov:  but  toxic  concentrations  of 
mustard  g;S,  at  has  beer  found  possible  to  modify  the  method  so  that 
one  can  detect  0.1  p.p.m.  (0,007  mg.  per  liter)  or  even  C.01  p.p.m. 
under  special  conditions.  gho  method  consists  ir  passing  air  contain¬ 
ing  mustard  gas  through  .v  cuartz  tube  over  a  fine^  ISSmh  cylinder 
of  copper  gause  about  four  inches  long',  v/hich  fits  snugly  into  the 
tube  and  /hich  is  heated  at  the  tip  at  the  inlet  through  the  tube  by 
a  small  flame,  is  the  mustard  gas  passes  over  the  heated  tip  of  the 
copper  gauze,  it  is  broken  do  n  and  the  halogen  is  absorbed  by  the 
cooler  portion  of  the  gause  beyond.  J*ter  a  poriod  of  accumulation, 
tho  gauze  is  moved  slo./ly  into  the  flame  ar.d  heated  directly,  the 
presonoe  or  abscr.oo  of  a  green  oolor  being  noted.  The  prir.oiple  has 
boon  embodied  in  i  portablo  field  apparatus .  Jho  method  is  really 
one  for  halogen#  and  is  not  sy.eoifio  for  mustafd  gas.  Its  usefulness 
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in  the  field  in  questionable. 

Experiments  with  snails  and  slugs  shewed  that  these  animals 

were  exceptionally  sensitive  to  mustard  gas  and  other  toxic  gases, 

moving  their  horns  in  different  ways  in  different  gasos.  It  was 

found  that  a  skilled  observer  could  utilize  these  animals  to  detect 

mustard  gas  at  concentrations  as  small  as  one  part  in  three  million 

and  other  toxic  gases  at  even  greater  dilution,  A  trained  observer 

could  distinguish  between  the  various  toxic  gases  with  considerable 

certain! ty  at  low  concentrations  and  with  entire  certain! ty  at  higher 

concentrations,  fhe  variations  of  sensitivity  arc  considerable  with 

different  individuals  and  in  all  cases  the  susceptibility  disappears 

pretty  completely  on  prolonged  exposure.  It  is  therefore  doubtful 

whether  this  special  test  would  have  anything  more  than  a  confi  oratory 

value  in  the  fieldfjPl""lacquer  enamel  paint  has  been  devised  which 

can  be  used  or.  shell  to  tell  whether  they  leal:  or  not,  ther^being 

an  instantaneous  color  Change  of  one  kind  in  contact  with  liquid  mustard 

and  a  color  charge  of  another  kind  in  contact  with  arsenioals,  thus  making 

it  possible  to  u. e  the  same  paint  in  two  different  kinds  of  shell.  2he 

A*-*- 

enanel  oonsi: ts  of  ohro»fc  yellow  as  pigment,  a  mixture  of  85J.  of  Oil 
ucarlet  and  1  C'j.  cv  hod  amine  B  in  small  amount  as  the  sensitive  agent, 
anu  a  lacquer  vehicle  'hia-!  is  essentially  a  solution  or  nitrocellulose 
in  skvI  aoetate.  Both  the  Oil  hoarlet  and  the  hod  amine  a  turn  crimson 
red  in  presence*  or  liquid  mustard;  but  tho  ihodumiro  h  is  much  the  noro 
sensitive.  On  tho  other  hand  the  Oil  uOarlet  turns  aeop  purple  to  dark 
green  in  presenoe  of  arconicalc.  The  paint  is  rot  affootod  by  ouch  other 
subetanoec  as  chlorpiorin,  phosgone,  euporpalitc,  and  butyl  merev  tan. 
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Similar  effects  can  be  obtained  with  a  linseed  oil  paint 
Instead  of  the  lacquer  enamel,  the  contrasts  being  more  marked  with 
the  paint  but  the  enamel  reacting  more  quickly*  !Ehe  paint  has  been 
tested  thoroughly  for  the  effect  of  sunlight,  moisture,  time  and  high 
temperature*  The  color  is  entirely  stable  before  exposure  to  mustard 
gas  and  the  red  eolar  produced  by  the  mustard  gas  is  equally  stable 
under  all  conditions  of  weather*  It  is  imaaterial  whether  the  paint 
is  used  on  shell  steel,  tin  copper,  wood,  cloth,  or  paper. 


//# 
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In  oraor  to  wet  nornt  iuea  of  how  Lon;:  nut taro  me  m.  v  bo 

•  *0  *J  m 

dangerous  in  tne  field,  a  etudy  of  tnu  jereittoncy  umier  field  conditions 
rne  made  by  tub  not  Birch  lU virion  in  t.ie  tun.  a  or  of  191d.  .py 

mm+t  m d  t  a  faUMHn4iwtf»  eyatyawit  #w  i  rytogtlgw *»f 
tna  sp-aswfebi'r reft  iwj  m«»»i  »g L>  i>mi  lu'rtr-iwmftg  rerv  bin  fvcrn 

*ir-  ...  y  i  re  '«  ■'*  f  1  1  t  '“*  **‘  — ^1  f  wg  1 1  --  ri 1  fir 

(»Mi  fo-re  «*un.  -  air  of  riot:?,  v  ryi.v;  fro’-t  LU  feet-  t.;U.*.v  to  law  .oct 

t^uice,  .vu:'c  tprsyod  tdth  must  .rd  gar  ;r.-:  otner  toxic  'i  torialo.  Inis  ..  .e 
very  iL.ageroui  work  and  required  tin.  utmert  precautlonr  .  Lac  -..i  o-.ti.ee 
it  *t  ri  cl  iireipline,  F«r  of  the  men  :•«  r*->.» .».!  '-erirur  burnt;  but,  to  fr.r 
•if  i»  <»v  !:.'*> -•n,  no  ;  un  isont  injuria?  roruitod.  rucoetrful  ^  rect  cation 
ol  taste  -no  .fare .it*.. t?  .vnuirai  tab  abvtlojnu-.t  cf  a  \~ry  uc  nr  ic,  v- .nti- 
tutivo  rietao*'  for  t:.e  netormin  .tion  of  uinute  tr  .set  of  :iurt .rd  g..t  ana  inc 
other  g.ee*  in  t..u  air.  7ni:  vt  finV:  iy  r-.tourud  by  n  consider  .^le  tbVbicp- 

~wnt  of  taw  in ;  <mionrwtri>:  .iai..ci  of  .-J. ;....r-'s .  It  —t  four.  j-or  t  it.c  ly  twit 
'n*  to  uet'jlino  must  *rn  ..?•  it.*  ...  .c.;ur.iey  c tout  iOn.co'.cuuf  ration* 

n 

If  lew  Iw'jOOb  rj.«  fur  liter  (i  f  -rt  i..  in  sa.  .ion)  u:  j»  ,  in  ii4  :*  .ir 

r  1  i. 

'"he  concent  r  .tiem  cf  rJit  ro  ,  r  ever  ».  -r> ..  lj  x  id  foot  fj. rayed 
vita  £0  cc  of  tuet  -rd  t  »  or  s>j.  ft.,  mien  corrvr;  o.a.»  to  ..  i.h-.nte  t..el» 

Us  ,  nwirntf  to  0.04  j  er  liter  i  .  c; « ,r  .  -x  er.tw  c  t..r  (odv 

uni  ,r  ;liw..t  ureese*  »t  one  fort  fr:  *i  r  rc  .ai,  it  >.  sulyl^O «/ti  :to. 
per  liter  md  *vt  3  feet  A 002  ag.  p*.*/  lit  r.  .  v>n  »t  .hnw  wrect  i..  :.*i« 

.r.  •  .or  usy  Ik.,;,.,  o'  time  wo  u  fore  c  J.ncl  «\vr.  iy  ■  wet  t*.^ 

ie  f,  ir »'>•»}  o  live  of  L.  t'  .  ‘  stior.  of  inw  roil  i.tvlf,  a.  ctdri  .v.  sly 

or.  ‘i.tiot".'.  Lorticnr  of  .  -  '  .  .  ■"<.«  ’ri  cc.,tr.t  ii-n  l;  -*u al  ...  r  on  ivc 


tl 


on  *i.t jot-ri  portienr  of 
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dayt  %n.i  lower  on  cold  one?,  but  tne  j erceotuge  of  •'ieci*e..re  in  cc-ucentr-U-on 
it  inc.  t  itin(;  <'irt  *nuBt  from  the  round  is  j  r-.ctin  wily  identical  for  -ill 
teat  r-turtc,  ”.u;  ,  »t  4"  p  tne  concent- r  lieu  it  40^,  ut  12  "y  iO'ft ^nd  ut 
35"^/ 8 *•  of  tiiut  ..t  the  surface  cf  tne  ^rouiw.  Tne  v  .ri..ticn»  in  horizontal 
concent r  tlon  were  in  j^rt  ue  ejected  :u.i  i.»  r  ..t  ji.uxj  ecteu.  Tout,  -*r 
would  be  «;»  e  ;tei,  ut  4*  fro  j  tno  jrounu^t tic  concent. ration  rt-Cuou  its.- 
nuxiaun  -t  or  s.e  r  tne  ieew.ru  ci  e  of  ..  e.  r-yed  .re  -.  *,o wever,  it  .o» 

crc-teu  wit.,  very  _.ro  .t  r..ji;ity  ..*?yc»»>.  t«ir.  ior  !<(**  t  >l<we  |  1 XI  C t 
no.ier.»te  ..either,  -nc  .it u  .  ?liv,  t  wind  doting  tne  concent r  tic t\  ut  l" 
fren  t.;.;o  ;rrjr.d  it  ...cut  Q.04  a~.  per  liter  .t  tne  lceu  .ru  el  c.  on  feet 
l&youa  *. hi t- ,  it  rojiveu  \o0.004  a^.  per  liier  it  50  feet  !.d  to 

0.001  a.;.  per  liter.  ~ne  -u. luting  -f;«ct  of  t;.e  win  .  it  evidently  tur,  rit  i 
ly  grout  -r  it*  8  indeed  beer,  tue  uni\ere  *1  2»,  erieuce  in  :.*r  ...rf.ro.  7nc 
toxic  irou  loot  not  ex!  end  tore  thru  .lout  100  fast  beyond  w*o  rj  rr;oi  ,reu 
under  or'.fi  .ry  conditions.  furi..wr  -ud  eveu  v-  r.»  c  ti'  li*  ci  wry 
vn  p  trto  very  ,.e  .t  :ur  ’Uwo  of  : ..«  .ir,  ever  !U  j *  .rent  ty  ct~.,y  win  a 
*jo».  •  .  laul  t  ...tout  c,  1L octet  '.•.•■  r  .  uo..»  lien*  tv  -r-  to  *  r»e 

Iso.,  r.  of  putcuor  iiic  wd  iecldev  *  ti  »io:’.»  i..  oCu.cei.vr  i'...  l  r-  ... tic-1 
isei  ,ntr  *».a  ii*t  ineee  iron  t»*o  «j  rayed  xcuna.  . «.  h  j  r  ;*vt  t  st  io,  ren- 

Cuiit  Will  ii*U  Q  t  wi  CVC.-iH  »  -  WU  r^J  0.  i’X(  V*W| 

7ao  iiflwct  vi  tea  uiu.turw  on  itn  -  j,  cr  ct»u  ;'<?£,  t  ro- 

oouitceu.  Ti.ut,  on  ♦.  «lv»r  wy  of  noner  .te  -c  j.*  iw.v,  ccn.iu.t*  ..ion 
on  uiv  lety.ru  eljv  cf  j  ,t«..  *.  4*  ft*  ’■  *•?»•>  .;rrwh  1»  0.025  a  .  pur  iit«  r, 

on  nour  after  *•]  myth  ;.  f-..  *ra  *y  (7.°l‘.)  It  w  ..  0.204  a  .  j*»r  liter, 


It 
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*anc  on  u  cold  day  (44°F.)  it  wat*  0.006  tng.  per  liter.  Titeio  figures  are 
apj.roxima fcoly  proportion.il  to  tne  vapor  pretturat-  of  cruet  .rcl  >f.  it  tnc 
respective  tiraper  .iure*.  "he  effect  of  sunshine  was  ev.rpritlftijly  narked. 

"no  rnonent  tile  eun  aaut  behind  a  cloud,  an  i^imcdi  te  drop  in  concert r  t ion 
could  be  observed.  This  drop  often  raountsd  to  as  iiucii  if;  75^  or  80*t. 

ervee  cf  solar  rudi>.tioi>.  taker,  on  •  recor  iirj  j  yraeliorvtnr  rra:  f.ui.st  .nti al¬ 
ly  r  i  mil  el  -*o  curves  ritovi  n-"»  ‘.no  cnarvo  in  iionoent  ration  it  it  tut  t !  *ne  « 

/ 

tiibu  :h  tide  p  ir  llelito  .ut  aon>  or  less  confut  >  if  tm.  |  udi  -..era  .ra  .11  • 
and  sc  .tiered,  duo  to  t.u*  f  nt  r.i-  t  ;.ve  rccc  *  .inw  ii.it:'.;  lent  nr  located 
no  .riy  cue-half  ii Le  fro;.i  t i.e  j-tcuoe. 

Tile  enun^o  in  concent r  lien  .it.»  u  su  ..at  ttuui cu  -it.*  j  rti-rul  .r 
care.  Iri  t  ui  y  -..ter  t;  .  .*u  rcucenti  uicn  -ic :  c  to  .*»«  Orounu 

upr  rouener  t-t a ration  -t  tne  loot;  edje  of  T«e  p  .ton.  Cu  ••  ..  .its  ..-.y,  - 
very  r.aid  ecru  no  itu  i.it  line  takes  pl-c» ,  :o  .ter  i.  ur<r,  tne 

eoucentr  tion  t  -l*  above  taw  ground  .ill  u..vw  irctjcd  %o  tout  0.340  a. 
per  tit*r  .i .  i.»  :ivo  ..ours  to  0.010  n-  j  -  ’  ;;*r;  ..c  V  it  -i’l  • 

only  0.004  ui,;  com  f  sy|.O0O2  i.,  j  «r  liter,  n*c.  t  ,1'u-tcr  *ii'  .ucee 

fros  t.»«  ground  the  concei  t;- . I  tone  -ill  be  correspond! njly  lover, 

Cn  a  nodor.te  ur.y,  tne  initial  c  .cw.tr  tier,  it,  of  our*«,  such 
lover,  ut  the  decru.tw  *iU  U  aueii  It*?  i.rise,  »o  in  t  live  *ourt  fter 
S-  f.  yin,;  titoru  is  little  uifii,rn.cc  in  .nc  t,;«tfeRtr».vio».t  c.-  ■  v-.it* 

5ii;i  i  cold  day.  Cu  let  *-  uco .-.p  r.y,  -.ut.  "o.iC out <  tier,  it  tf  ^  >• 

turw*  it  nvou  ^rt.»lsr  u.  ..twr  t**&  j  1',  u  -  .h.  *  .v,  vt.ee  . .  »• 

•vwu  .son  a.rkad  .ftor  :  .row  Th«  »  nc  ■* ...««•  e.v  .».,tiy  *.i  n-- 


&0 


//3 


of  tne  nuiti.rd/t.0  ev.^or-te  during  tne  fxret  1'ivo  aoure  taut  tuo  ecucoutru- 
tion»  bucorae  low  on  ini*  hc count.  In  not  woutner,  th«rc fore,  tno  concent  r-t« 

tion  of  twe  vu]  of  over  a  fj  rayed  it  very  hi  ;r»,  and,  nonce,  d'M^eroue 

during  tne  first  i  ty;  but  is  only  rli-uitly  dangerous  on  tne  eecf.ua  and 
third  cUye,  and  it  ».e£lit;ii-le  tnereuft*r.  In  cool  ioduur,  nr  ever,  tne 

iir  r#xd..t  i  u  ^orous  for  h  week  or  eve,.  »«,  ■no  it  j  .rticul  ily  <.  n._t»roue 

*C 

on  a  war  a-.y  following  .1  cold  one, 

"W  nature  cf  i  no  ;cii  tf.it-  found  to  ».«.▼<.  wo  . ^  ci..  «i .» ct  an 
cencont r-tiou.  ip.vyia^  u  mount  of  ii.uid  r«r  f-ju.re  loot 

Of  area  incru.ee*  tno  .at  ••cn^e.-tr.-tic ..,  .u*.  net  ..  ;  ref.  on’ ion  .0  -nr  i :  - 
ere  vtei  amount.  .'hen  tne  ..mount  usod  it-  lets  tn  .n  w;U.t  it  re  .ui red  to  .tot 
tne  i  urf  .ee  of  dry  sell,  tue  , -t  concent  r  4ticn  ie  found  to  t-o  very  law.  In 
other  words,  tne  roil  u  -r  .  .vtice-.  X»  .*c*orjti  v«»  p..w,^ 

('"'n*  uffee  of  v  ryin.;  tnc  *i:e  c  *  j  «tc*»  a«tf  lean:  ;rojO;Wcri 

to  its  lino  >r  :e» tu  .'a  tuw  direction  of  *•*.  a  .i. 

.-lay  jv.i.mr  u~i  f'oun.  ~c«  uf  $*-ct  tne  j  t  r  ,d :  t  ei.cy  cf  «*:  '  .*•.>  ,.t> 
in  .wc  .ye.  rint,  ■.«■»»  ;;«-.t  re  .oived  »y  .••vciiaUtn  .'.-ri.r  ?uc:.  ....  .*..ivr 
it  so  *n.U  'a  t  t.*v  :5iv;v*»«tr  itioa  of  -.urt  ri  ,y.‘  v  is-*  ct.  ....  i  -.a» 

-COUftt  .  li.  itii  i  ■  «t  U  J  1  .tt|  iC  i  i  i  *W  c.’  w  «  .*i  t  C  *  X  .  C  c  ■  .i  ,  i  i .-  .  t  c- 

~i  ter  to  t  *.  «  i,.  icr  !  acti  win ...  It  i  *sii*  let  v  t  *  ^  *ci*  ...  .-ae  -ton  iut  0 «  at*  ..  -.* 

t;  .  ,/«d  J,«r  iOvt  of  >r«  ». -••  ;t‘  ic  -wtvCt  Ct.  lt.i  ' 

itii.tr  .tion  of  ,  t  in  t*.s  *ir. 

,ue  tcyc  |  »y  iwyCli  ...  ij > .  ci  tiv  i « **  ct  !ii  j  n  .ft  ■  -  '’y. 

.»*V  f  *  Ml*  -iifiiV  tin  *.vm  ;t»ii  i.  in  .  -tu e;  lOjfc  in  ^  j, . oi*‘Ct>  u  ..*» 

iws  of  >».  slOj  c  lu  j6#wl«,  e  if.  ir.  on  *ne 
00 nt our  of  ‘a*  „rouod.  Tuo  liquid  -.it-c  evjtr  »:  —r..  *.u  fua 


* 


ground  in  in*  «oo us, 

Tb*  aailitjr  to.  aeteet  tne  odor  of  must  rh  gat  under  v  rying 
conditions,  and  ut  low  ten5.tr  turec  eae  found  to  oe  subject  to  consider  -bio 
individual  variations  and  to  depend  on  the  .mount  of  experience  in  ruch 
work.  Many  of  the  man  acquired  decided  skill  to  tnut  they  could  detect 
the  odor  at  x  foot  from  the  ground  over  putcnoe  taut  nud  been  op rayed  with 
20  cc  of  liquid  to  a  square  foot  ten  duye*  after  “praying.  Over  patches 
that  had  been  tv  rayed  with  1  cc  pur  equ  .re  foot  tuey  could  detect  tne 
odor  after  three  days-  under  no rm.i  cummer  conditions.  In  the  cummer  time 
coil  coat  minuted  with  mustard  gat  will  c..uco  tkin  burse  after  fifteen 
minute  application  for  at  least,  four  dayt.  after  four  duyt,  tne  danger 
is  relatively  slight,  depending  no  .cubt  on  the  amount  of  material  original” 
ly  applied  to  the  soil  sum  011  the  intervening  ,«u..tJior  conaitions. 


9+r 


The  work  on  protective  clothing  by  the  hcee  rch  i vision  <.r.d  the 
Medical  bi  vision  has  been  ctiiefly  with  reference  to  protection  updnrt 
mustard  gue  and  has  included  a  study  of  fabric*  intended  for  use  in  the 
following  ferns:  gloves;  over-all  suite;  underclothing;  footwear;  dugout 
blankets  and  screens;  masks  for  horses  and  dogs;  boots  for  horses.  The 

ordinary  materials  such  as  cotton,  wool,  linen,  leather,  and  rubber  are 

¥ 

penetrated  by  irritant  gases  in  a  relatively  short-time,  partly  because  of 
tneir  porosity  and  partly  because  of  solvent  action,  this  latter  being  the 
important  factor  in  tne  c^ea  of  ruob&r.  O.D.  issued  clothing  protects  from 
saturated  vapor  of  mustard  gas  for  5-7  minutes.  Untreated  :jLove  leather 
resists  penetration  by  liquid  mustard  ,ut-  for  35  minutes;  unt  >;_ted  b.  rf 
horse-hide  and  split  cow-hide  for  four  and  five  minuter. 

FRCTSCTT/S  l-LOTOS 

C-ix  different  types  0I~  gloves  have  been  tested.  They  are 

1.  Leather  gloves  impregnated  with  softened  linseed  oil. 

2.  Canton  flannel  gloves  with  leather  palm,  impregnated  \ith 

boiled  linseed  oil  and  ste  nine  pitch. 

3.  Rubber  gloves. 

4.  Cotton  gloves,  waterproofed  and  coated  on  the  inside  with 

a  gelatine-glycerine- formal'1  ehyae  composition. 

5.  Gloves  sewed  from  oiled  fabrics. 

5,  flannel  gloves  coated  wit  a  cullulos.e-nitr.te. 

The  first  type  was  made  from  thick  leather  impregnated  vita  si 
mixture  of  boiled  lineeed  oil,  suitor  oil  and  paraffin.  They  give  pro¬ 
tection  og,«intt  liquid  mustard  gat-  for  two  to  five  hours.  The  disadvantages 
lie  in  tne  ec -rcity  of  leather,  tne  tendency  of  tne  glove  to  shrink  *-oraev;hat , 


1. 
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t iui  necessity- for  ojddiiing  the  linseed  oil  aurin^,  the  drying  process  ..nd 
the  tendency  o  i  too  glove  to  stiffen  .’Atn  ageing. 

Glovee  of  the  teconu  type  give  protection  of  one  hour  on  the 
fabric  part  and  four  hours  on  the  leather  palm.  The  tirae  required  for 
drying  ;ind  the  tendency  of  +nc  glove  to  stiffen  -re  its  weak  points* 

Acid  proof  rubber  gloves  (the  tairi  type)  are  uv.il-.blt  in  the 
market.  Humpies  .uicn  coni,  in ‘ zinc  o xi  e  in  the  compo;ition  resist 
liquid  mustard  for  15  to  45  minutes.  "ho  high  price  makes  Uif  type 
unsuit  .bit  for  anything  but  speciuiure. 

A  gelatine- glye  rine- fo ; maid-  ay de  impregnation  (type  four)  w^r 
tried  out  •  „ith  a  water*-  roe f  •a..tinJ  outside  to  j  rot*  ct.  the  v:utor»eoluble 
iny> re giut ion.  Glove*  li.«u  a-Je  ..re  acre  flexible  lx*  n  -uy  otiwr  type  «aa 
no  re  resist  nt  to  mutt  rd  u  .s.  Thu  necessity  for  tnc  outside  ...teip  roofing 


.utroduoed  cony.  Ii  cation*-  into  tu<-  unuiucturin^  process  Wiiiuu  .  cro  no* 
sufficiently  under  c  nirctto  ^vo^tuis  la  vw  :t  ada^  us  ti.e  bttt  .evulopc*.. 

Tin;  fi  ;ta  typo  consists  a*  an  oiiud*sV.iu  t  a-ric  se..eu  iuto  •.. 
glove*  ".As  uateriul  -ns  u:  ca  u.r  >uy  'ey  tu«  nVich,  -au  it  t«*e  mo  ft 
retirt-nt  to  mutt  .rd  gar  vs  m ai;  it  losue  tui;  »ir1iacti*.««  a.  v.  e  into 
yAov«s,  no  . ever,  tiu.yiocf  Inu  tfii-vncy  to  b,  -  .k  i  .  >.  ■'*.  .t  .nu  i  .  .ms . 
i*  ficuitise  in  re  .in  twe  rei: fhoti  ad  r«u- olarti city  of  tn;  ’i.Uri-i  re 
ad  At  local  A  sad vu  i;t  get. 

The  si -tu  type  of  glove  uu*  found  ;ie*t  suit  Vuftfier  Irgu  »cbte 
production  and  for  ■;*:-*»  1  mif  it  ry  uj«.-  *’•»«  f>*  -*i«  t elected  ‘  u  uvin j 

tuf  ftcirht  stivnrth,  '  «rf  co  r «*i •*  •- .  ;®r  tr%  imant 


it  a  medium  .nlu.it  ‘.  dll  ..Vh  cotton  ; 


i  i  , ,  kwr  i.  f  l.GO  a  utCwll.  ui S 


is  run  over  cyiin-ort  ;  rryir.,,  chert  ciro  r*  nut  ac-;(.  pull  out  t».w  fi.  re 
on  one  ciac,  lor  mi  ay  a  soft  «.tp  p  r.  surf.ee  like  iw  c.'  In.r?  "  *»to&  H  tu.el* 


Tbs  a-tflri.il  is  treated  on  t he  smooth  tiao  witi*  a  coat  of  cellulose  nitrite 
to  ion  tne  outer  1-yer.  ..ftcr  drying  it  it  oat  oy  dies  und  tewed  ~itn 
the  tre  ted  cide  out  into  a  ^love  with  the  ti»acib  uni  lifct  finger  in  separate 
divisions,  the  remaining  tnree  f inhere  forming  a  mitten.  The.  glove  it  tun 
put  on  'i  wooden  form  and  dipped  repeatedly  into  a  :olution  of  cellulose 
nitrate  cofte»ed  vdtu  rape-eced  oil  end  devolved  in  etuer,  benzol,  methyl 

t  * 

e  licylrte  ana  alcohol.  after  drying  in  ovens,  there  gloves  protect 
against  li  quid  must  ,rd  for  30  to  60  minutes,  depending  upon  tho  vurtrer  of 
coatings.  "he  glove*  become  -  ofter  rather  than  'tiller  upon  -.going,  and 
fhov:  no  tendency  to  crick  t  tonr  cr  .tuor  -  r  low  us  »12®  C. 

In  roc  onto  to  a  rc.puert  fro-’  tne  c  ";efe,  ;.t  '.i  vision  -or 
rcco  rier.d  itiont  for  producing  2,000,000  pair  of  p  retentive  .loves  -t  a 
rtte  of  250,000  pur  raentn,  tno  collalcee-ni  r -te  lew  :  rcco  ue<.  .ed 
a.v.  production  it  .rted.*  .tout  1800  pair*  bad  been  completed  rhea  fcork 
was  stopped  by  the  fi..nia*g  of  the  armistice. 

r  hOTnCTI  Vd  dUlTS. 

protective  i aitt  of  i*4roe  iy:  ot  ecru  enj  umua.ted  ■  rfn,  .ne 
cltit^ifi-  -lion  e«opteo  id  *c  Sollc'-t:  ic$  o.*ac-  ic  :  ui*:,  in  ».ici.  ti»»- 
textilcs  a.ve  been  tuorou. aiy  inf .re.  n  te  (  it a  '.-yin;  oil)  »0  u  t  the 
faerto  if  g  .S-ti^hi  at  J  f  •i.-perm  tile  »  i  I  ‘  i":' 

•  r*  an  *  ii.  .  m.t-rilf  *re  tu-ed  tc  -*  fc  .*  • ua  4  >  *'  Vv,v 

permit  fnee-.g..  ©f  -ter  -y  its  it  it;*  in  'fa  i'T  ***  d‘*  1*Cm»  11  I  "f* 

R*..iv©  •  wits,  if.  vuicfi  tnu  f.i.le  i»  imj  .<  «-d  it  a  ;r.i-  r;i«.w  cU* 

CMC..  V  ;  i».  t  tis  *  ihterrti  er  »*o-.«ain  cj  cr»  *c  r  ve  *ii  vion. 


4« 


^  ,  Impermeable  duit?. 

Tho  hlr-ldned  bui  t  wan  developed  for  especial  ute  in  factory 

production  of  poison  gr«.  ,'t  comp. rites.  a  *uit  covering  the  *hole  body, 

a  helmet ,  glovee,  oho  os  and  air  supply  hose.  The  helmet  is-  an  aluminum 

cylinder  ten  inches  in  diameter  -itn  ;  humirr  heried  dome  top,  being 

supported  by  a  fabric  band  resting  on  the  head  like  ..  cap.  a  rectangular 

window  is  in  front  beneath  which  the  air  supply  eatery.  The  cult  it  made 

of  cil-rkir.  fabric  made  up  as  a  union  -aiit,  buttoned  at  the  back  -ant 

tied  ut/f.it s  , . rifts',  s.kles  end  r.  round  tne  helmet.  Too  loves  auc.  foot- 
■  / 

wear  ire  not  .  istinctive.  .dr  it  pumped  into  t/.w  aeluot  -t  a.  .  ate  of  *w0 
liters  per  minute,  giving  a  const  .at  current  from  tin.  ins  ide  of  tne  suit, 
outward  ti.roughthc  ce«ae  an.  op enisi^e.  la.  a  3w  minute  U.t  is.  f.ns- 
chamber  cent  d ran,;  pno i-gene  (1000  p.p.m.)  no  g..t  could  o.r  detected  is.  -ny 


part  of  tne  suit.  There  was  no  discomfort  rej  orted  due  to  . 
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Varnieh 

Stock  Vanish 

Stock  V-ruieh 

79.13ft 

], in  seed  Oil 

59.33/ 

Stock  pigment 

6 . 66/ 

Litharge 
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The  cloth  ir*  dried  in  hot  festooning  chambere  between  the  co-tinge* 

It  i»  then,  cut  and  eeved  into  a  one-piece  over  ,11  ,  irraent,  following  in 

general  the  French  design,  but  with  changer  permitting  greater  freedom  of 

movement  of  the  luge.  ftsr  being  sewed  up,  the  suite  are  coated  over  the 

?  earns  with  ;  .hick-drying  mixture  of  the  relieving  composition. 

5  part  cellulose  nitrate 

1  p  .rt  butyl  acetate 

1  3/16  p  .rt  blown  r -y.eeoed  oil. 
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Sampler.  frcv'  factory  j  ro  ruction  snow  protection  \wain:.t  .Liquid 
mutt ,rd  gas  from  60  to  90  ninut-v  or.  Tn-  jnyeirlo.ic  .l  test,  •••.deh  is 
distinctly  uiy.hur  1  a  u  tested  rrijl-s.  ( .•  c '  old)  cf  French  protective 
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"’he  r-uit  i;  ic-si  jr.ed  to  meet  the  need  of  a.  front  lin*-  fi.n;T-in 
ruit ,  in  ni  oh  tiiv-  c effort  of  ino  individual  v.ill  b-  r-ufficiont  to  permit 
-  of  Ptr'TiUCU'-  oxo rtl.cn,  :..:hi<;n  ir.t  jrift  r- re  wad,  port ibl-  -•■*  +  u  t*  .-;•  j  »>  •••xrirj  * },1  o 
‘•uiit-V  It  j. ‘.r.Ttii  *•  -ycor  tien  of  ter'i.iia  ?-u>  tt.--.  vitally  no  doer  <5  t  e  fror 
--tha  rtvFft-  i 'uni rent u<?  i.h-rio ,  p  hs-hii  t  *  j...ec-uje  of  .  ir  -.dt.i  f. m , *  f  : 


a  of  .  ir  ‘./it*  1  ;i;i 


jfytrura  vjpp .  It  is-  is."  ..n  t  ii  =  ,ky,  r. u  ti  .  ft.-, :? 


u  .t  ur  on 


lur.ytuy.  g.-pecur-s.  .  It  it  net'  i.".to..cvi  for. -protection  -...dnit  liquid  mu  t  .rd, 

l-U't  iVif  cau-hfeun  in  field  v'.fvU-  to  aiti^utfe  burnt:  from  liquid  or  ■  r  .y, 

c 

n-ir.t-T.  &.•*.<  ur.-.tud  nu.t  -.re.  ••*  ’  or,  it.  _iv-.u-  •  rot  c«iic  a.  .-.t  ;.:0  for  15  it  on  toe; 


20:  sii.iUfcei:  prcxtoti-iV.  i  .  ivy:  t  9°  3. 

About' i.OCO  0  ixio*-e  miti  >.'•  -•.•  n.;rn  ■..-  ev-.-r  I  hi-.- .nm.'. 

life  rr\/'  :o  -  field  cett-r.  'here  -;c.  Vat  red  f  t;,  torn  let od  .  non 
hot- tilvticr-  oehsed.  'he  ^ehiiiV.l  oc.-.c-  umec.  :• ;  ported  ir  tn-t  it  it- 


t:iou  ;hi  t:;«  p;c  e tiler 


ri.  ::+  r  •  :1c  '...-.  to  ::r  ri.  fo  r 


cp>t:  ground  ccr.t--niui.tod  t.-ith 


aujtUri  -  t ;  to  -.  Ik  for  If  :  bey.'  ihr;u  .  Vi  ..00 


ho-  'it;  -  ”oijc  '-rot  t  , 


_o"  .  r  :_  >e  i  f  ■  >  :  wood:.-  re 


op*n  or  liuya  :  een  ii^.-iv-lv  rhelied.  If  "■  '•"  ..  "■■■  .ri.-j.  tec  •  ui  t  :  tioulo.  !:: 


i.-. . ti.lV  -  -t  t  V  .  -• 


>...11  bu.vt,  or  if  l tir  f 


;,'v-era..'.  -.-..tu  Lie  ei  iitu  nust  .r-.i  iron  ny  c.ire  +ii«  ■  uit  Mould  b  rt-noveci 

:  .oor.  it--  rot- rial??. 

The  ii'Hlsoid  vuiiu  i-t  -%h^;C n  -d  of  t..o  l..y-  n-  c-f  Ot.  :  ur j  f  rie, 

,-,o t. i*  i-ty: rv ji— v ad-  wit ,*  .-a.  «mu.;cioi:  of  fir.  ::i.io  reap  ot  cotton-oos.l  oil  "itn 
e.ylinfmr  oil,  e^ual  0-  er  e n  i-o.i:..;  ui?od.  In  o;  o't»r  tc  .."-di:  aryiicj?  pro* 

toctior.  .to;+-  of  tnc;  finylexcao  ruit,  8  ounce  -Vi-d  9  ounce  Osnubu’-a  vere 

used  at  f  .- ri.ee,  v.'hicit  iuke  a  heavy  loud  of  oolve.it  (25  ng*  per  -q  cn)  nd 


le-ve  the  Interstice?  of  small  dimensions,*.  In  factory  impregnations,  the 
fabrics  muotr  be  p  .eced  over  hot  cylinder?  until  nil  cnenicul  action  involved 
in  tne  formation  of  tne  soap  ie  at  un  end,  to  avoid  danger  from  later  heat¬ 
ing  up.  The  material  it-  then  sewed  into  overall  suite,  following  the 

% 

design  of  the  fimplexene  suit.  Compared  with  a  summer  suit  of  issued  army 
clothing,  it  permits  evaporation  at  u  rate  70 %  as  rapid,  the  pressure  drop 
on  passage  of  air  is  practically  the  same,  and  the  heat  conductivity 
distinctly  better.  Against  saturated  musts rd  vapor,  it  af  fordo  p  rote  ction 
for  4E  to  75  min. 

About  75  of  ihvto  t  nil  r.  were  pvj*e  up ,  They  re  re  not  tests'3  in 
♦he-  field.  They  aj  pear  to  be  lots  cool  for  summer  rear  than  the  bxmp  1  u  x  e  i  i  £ , 
but  Tael;  recler  than  the  i-  p -.meablo  or  s.,.. ripper  ms  able  •aits;  they  lack 
entirely  the  stickiness  ..:d  tor.'-'.,  .g.  .to  sti f  fon  vhich  the  F.irnplexsns  suit 
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worn  wi  conventional  outer  f-uit?>,  .  ith  f  brief  cl  u  decree  cl'  eporc-urt 
comp-rale  to  that  cl  ui-ud  Katinas,  .•.  protection  of  45  to  Vb  minutes-  if 
.ttaiu.-hle;  vita  open  fabric*  «:ch  ■  use.'!  in  the  gimp  Inner o  suit ,  the 
pec'-  '-;t  let;  i'op  !*  '■  o  10  to  20  minute*, 

niO^CTIU,  UKDilhCLO^iilhG 

protect! vo  underdo  thin.  has  beer,  tested.,  on  the  t.  ivory  tin  t 
r  f-p  ,11  mount  of  proten+in^  r-vteri  .1  mi  ..t  neve  -  nuximun  v  ,Iuu  if  used 
directly  over  t.ic  rkin.  Oof. !  cu  r  rilii-'-v  !<•»  restarted  with  oil;  or  v.ith 
cilr-  ;-rd  -  c s  jive  tut-ei  unii-  1  protection  for  snort  time  exposures  (8 
to  12  minuter)  :i~sintt  tuturute-d  nu stare  v-per;  th.,  j  roe  euro  drop  is  in- 
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laj)  regnat  ion*  running  up  to  about.  .  0*  in  '..ciyht  cun  be  ..orn  '..itu 
no  die  com  fort  unu  with  no  ccutetion  of  cHinose  j  with  heavier  imp  roen-rt  ions , 


jf,  Vb 
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the  senei-ticn  ir  Oiea-reeatle.  Fabrics  treated  by  the  Smuleoid  jrooerr 
v/ith  oil- soap  impregnations  up  to  70-80^  ui 'T  very  lit  Lie  eer.eetion,  am 
protect  (by  machine  test)  for  24  to  40  nir.utcs.  ;»  90«  impreMMticn  vlth 
rosin  oil  mixture  coi:t  -ining  iodine  y  ent oxide  mowt  99  -  protect  ion  for 
16  minutest,  but  is?  too  oily  for  vice.  Tests  v it h  underclothing  impregnated 
v.itii  oils1  Mid  dichlorsimihe-T  or  chlorazene  s^Lve  id;.u  protection,  but  the 
fabrics:  ure  not  lu-etiu^,  owing  to  the  insx-bility  of  tne  active  lea^ei.te. 

FCC TffggR 

ivubber  boots-  nu  ..  t-p ecial  beet  sass.de  from  pyroxylin  faerie  tort- 
used  as?  foot  protection  in  experimental  work  in  k>rr.untl  t-j  r_yi.._,  -.'iti*  mus  t  i a 
rf> c «  Special  f-tur.y  of  there  article*  v.u.t  not  msuie. 

LOGOUT  CURT AIMS 

(f> 

The  rese  -rcl*  was  directed  toward.  firing  materials  widen  would  * 
b-ivs  v.  flexible  curt  in,  impermeable  to  war  j-.r-er  (air  also  being  excluded, 
finer;  sufficient  vct.f  il-rhi'cn  'it  r ; umed  sc  oc  nr  in  :v;-c>.its  mrcugh  the 
roil )  i  as  free  fro-a  rtiekinae*  os-  ^  er-?-ibl>:  -■  uair>  ll-s'.rs -cl?1  fr  y  crs.-tlo, 

t 

The  verb  u..r.  included  the  .evelopmMii  or  -eft  >'!*•  i-Jan-kct,  ssuitnlun 
impregnating  oil,  v.n.i  ■-  maomr.c  for  i’-i  rngs  -tion,  'm' 


fpecifirs.-tionr  for  LU.-cot'1 or/vi  s  xeit  >a.v e  hern  bated  up.cn 


tomi]  e 


study  of  tin*  suitability  of  -.11  avitila.bi.t:  hi  mkot  m.i  .il  ir.  -  tonsil e 

strength  of  50  lbs.  pur  inch  in  the  crop  -  nu  95  los .  pur  inch  in  tin. 
fillirc  it  necofp  .ry  to  p  re  vent  such  t-tr-.toning  durin..  ut-t-  .a-  ill  btC-.k 
the  oil  film  i  nd  lower  protection.  The  most  suit  a  le  ••isiteii&l  tot  i:i- 
p re-natit-i*  ccnrifts  of  85*w  of  nervy  it*  V-  Un*..  "irt  ial  oil,  »itn  1 -V  - 

On  the  blanket  the  linseed  oil  dries  ' lowly  -mu  n-kee 


boiled  linseed  cil» 


/3* 


nn  outer  surface  v/ldch  it  hut  rliyiitly  oily  to  the  touch,  wliiio  tne  ir.iide 
core  remint  fluid  mu  flaxib? e.  The  imp repeated  bl-*^cut  protect;  fron 
chlorpicrin  (400-600  p.p.a. )  .Oi  5  !.o  4b  hours  -nd  from  liquid  must  ••'5  jut* 
for  10C  to  400  minuter  (mchino-teet).  It  it  not  iyt.it*  •  l;*  oimrette 

T 

lute  or  lir  nteo  matcuat  tnrc’vn  in  on  iw.  Ii  itmuine  flexible  <-nou  4.  tc 

A 

unroll  under  it-  own  weight  at  18°  F,  .<n*;  -.t  6°  it-  entity  vr.ro lie 4  hy  -p- 
plying  force.  The  tt-nueucy  to  -.irnin  it  ne^iiyiVIc. 

...  field  i’^reymtiny  -p  m.r-.-tur  in?-  .  ov.n  r  e-vim-’ ,  corn  it  tiny  of 
a  i.alvatii  ,'mu  iron  tub  ;ox  tic i dirty  tae  oil  ni>.tu»c ,  •  it  a*  4  tv'  tc  .  out 
70*  C  by  a  ^ ; oolitic  torch  or  otaer  lc  lao.-itt  .  In  tit. ft  tat  el  tilt; 

are  ip;  ed  singly,  and  drum  out  tiircu^.u  ter  ;  u-r  ’C  iv  i cw  ox  e: :  oil. 

The  desirable  impregnation  it  ■:;.  out  ICO'..,  cr  bout  14  Ins,  cf  cil  per 
blanket,  ..bout  191,000  blanket;  ..tn  e  n  «.!.uf  ct urco  '>  y  .eie.  ti  Divi¬ 

sion  following  there  re  common!  fio:.;. 

HCatii  .%SKS 

The  first  herte  ^v.rk  -’ivelcped  mu.-e  u;  <  o  f  F  trick*  !•  HKosyl*v cne" 
mixture  t  oaken  into  a  fJ  .n-i  clot !  i  i-.>.  *r  -  ern  evt  r  *■»»  ic:*rilf,  . 

inproj, rutinj  misty.  •  it  o-  l  -c  *  • ,  >•*'*? O  '^crjiion 


100  part*  nornt  tbyiar.e  ted  .mine 
250  "  tf.it  r 

95  "  /lycirlne 

70  "  aickoi  tulp*..  to  (ay  r-  te-t; 


20  p.-itt  tc  t"  1 ! 

v  .  V*  • 


Unpoi.  ni.-dsiy  tnv»  -<  t  b5*0  or  ...  u» ,  rat  »>  a  el 


.ax- 1  el 


nyuix  xi  *0  it  pre-a-cud. 


he  i,«eus 


ret  i*  t  *.c  »r,  cr  ~«ieu 


re. •On  it  it  te(J  rOcd  *  urns  elt..  i.,  tents  t .  r.i.iiH-,  uttf’ s  i—VS 

<i  eeconci  type  of  »e.t  1  hai  been  evil  op  -d,  in  ...icn  .  1 1,  io-  J.r 
ror Irt  .nce  it  obtained  by  u*«  o *  ..  »j  eel  4  cj  «*.  neeieciothi  i  btcrjtion  it 


secured  by  uce  o*  1C  layer®  in  the  bug.  Tue  nutk  if  1C  inches  ■.vi.'e  a.»*t 
18  inches  lor.{~,  having  u  ict  1  area  of  a: out  400  eq.  inches.  In  or  or  to 
secure  aboerption  of  as  l.rge  variety  of  •  *re»  ur  possible,  t**e  murk  if 
nut!*  of  tvso  pasts;  iue  inner  cur  l«y».  re  re  impn-gnut-  d  .ith  KoRfloxer.e, 

<».s  in  the  fir  *  musk,  sir.d  the  outer  oi^.t  luycri  its*  s  ea  solution  ki.o«n 
&t-  Fimplexbne,  conti sting  of  80'!  rccin  oil  unc  L0*!  pt»  ruf  due  oil,  fait- 
udxture  wax  selected  after  careful  testing  out  of  •  large  number  of  oils  ■•u 
mixtures  of  oils  uni’,  toape.  T ho  time  t.c  por.etr  tier  of  ihLl  autk  by 

v  '.ricus  gaffes  _t  50  liters  per  ainui  e  it  at  fcli0vr ; 

Qae  Concent.  Tine  to  I'-tsnoti"  tier.  ..etive  /.bccrbci.t 


Slueturd 

100  p ,p ,3, 

80  -bin. 

rimple/.ene 

Puotgene 

1675  " 

130  " 

Koi.tj  lt.xti.e 

Ohio  rir.e 

1300  • 

65  - 

riapler.ei.o 

Ghlorpicrin 

1500  " 

2  * 

neither 

The  Mask  af  fores  c.«coliunt  }  ret*  cticn  tnree  of  tue  'our 

It  vifu  .d*«  toe  by  f.,v  .‘if  <>ft«.tt  ivlsieu,  .ftv.  it  —  ‘*.cwn 

t'*  t  est !  t  ?  c  i*t  "'oytsr  1  •  • .  t  .lOst.s  uo  a*  ^  i*  -cr  t..c  '•lies  **t«*  .***•  *  •  et*, 

Viltii^ut  '  isovii  evi  e:ct‘  of  ex;.  u*  .  i. » c:j»  -w*'*"  !‘t?  ‘or  1,500, CcQ  c.tkt  veto 

,'ltatt  (uri>..-;,  itovevjr,  Ko  ud  1  * *•-  c:»  1  4  . -t.  lo-s;  l»txs‘u«),  . 

377.881  .v  ce-*  let  ft*,. 

Her-  vrrrL 

-M  - 

Protection  of  u:*  t  .  i-»«  *a.'tcr  ;©r*lr rt  o:  ?*;*-  no  of  of  ••ort'-t 
a  i;.t t  'at*  turd  gu*  u»t  *-.oea  prtviutd  for  »;«•  a  cf-t  .  .1  c«  *xvt*‘i  ?,.c  i\\,  frta 
itkit  i.oe f  ♦©  ><  Lint  jutt  balo*-  *i.»  lu-vc,  •  r;  ■  *  1  t  » -« 


fa  +3 


V-V; 


j3<> 


Torts  shewed  that-  veering  the  bcrt  and  hoo f-p.ad  for  rdne  clays 
"*-J  nights  consecutively  caused  no  lniser.ee  e  ‘.o  the  home;  it  is  record ierj.ee!, 
however,  that  the  hoot  be  removed  and  cle  nod  ■  ne never  the  animal  in  in 
stable.  They  are  roc’  for  *ix  weeks  use  on  rough  roe  nr, 

'jIHLOF  PROTKCTICK  BY  IffiKKGNn^bD  KArRICS. 

All  protection  by  impregnated  f rice  sc  fur  it  either  purely 
mechanical  or  physical,  dependent  upon  solution  of  gas.  In  the  cane  of 
linseed  oil  f&.ricr-,  it  in  probable  in -it  raeehvai  cal  exclusion  of  gaecr.  it- 

-----  .  <f 

-.hat  0  3 curt,  the  p enet ration  being  effected  txiroin.n  wi croc- cop io  uolot  in 
the  iila.  however,  it  in  possible  that  oiadize-u  linseed  oil  (like  un- 
oxidiaed  oil)  it  a  solvent  for  some  of  tne  gates,  and  that  slow  solution 
occurs  in  tne  exposes.  film,  after  which  the  dissolved  gas  pastes  by.  dif¬ 
fusion  into  tne  interior  of  the  fabric  and  finally  -to  the  inner  surface,  from 
wivlci.  it  -if. 'user.  txrcriments  are  not  .4  hand  throwing  light  upon  this 


p.oir.x . 

In  the  f-fiious  oiled  fubric”r(dugout  blanket*,  fimp leisure  suit, 

Rnul  tcid  suit,  p ret*' c+  ivr.  u ruler  ,  eur,  as-r  re  un:'.  dog  marks)  it  is  obvious 
that  solution  it  the  mechanism  oy  which  the  g;.  s  is  taken  up.  It  nut  been 

•'emonst rated  by  parallel  experiment*,  that  she  gat  is  present  in  the  oil  with 

/  * 
a  detectable  vapor  tension;  fabrics  ’-exposed  tc  must  .rd  vapor  -or  t\  snort 

period  v.'jd  -.llowed  to  remain  upon  the  *  kin  -  ill  not  wa-ute  burn,,  while 


*4  will  cause  t.  severe  burn  if  «<ipj  ed  after  i  he  tame  •xperure  so  at  to  j  r«.  - 
vent  evuporvtic”,. 

During  the  exposure  of  such  »n  oiled  f.d-ric  io  g  i,  it  will  bo 
gaining  in  concentration  cf  die  solved  g  '  on  t«.  exposes  turh-oo  >m;  il 
equilibrium  wilr  tuo  gaseous  j hate  it  reached.  -"no  time  at  widen  j  ei« 
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o.ccure,  however,  may  be  entirely  inctej  enbent  o  f  the  rate  at  which  tide 
out  id  cie  equilibrium  it  reached  and  in  probably  <iue  to  diffusion  of  die** 
solved  in  the  body  cf  the  inyrn^nution  through  to  the  inner  surface, 
from  which  it  will  st  once  begin  tc  evaporate,  inure  being  rc  opposing 
vapor  prof  pure  upon  th  it  side.  The  plausibility  of  tide  ejplunvt.it  r.  ie 
shown  by  the  fact  that  the  uiguert  degree  of  resistance  to  penetration  -was 
found,  by  number  of  independent  investigators ,  to  bo  mown  by  n.ho 
most  nighly  viscous  oils,  in  wnich  tnis  dif  fueion  would  be  sic  west  -  cylinder 
oil,  rosin  oil,  castor  oil,  etc. 

The  penetration  of  hydrous  mutariala  ruch  a;  tne  _;cla tine- gly¬ 
cerine  impregnation,  in  vnicit  most  gases  re  intolu>:lt,  may  .  c  duo  in  part 
to  pin-uoles  (macroscopic  or  microscopic)  or  in  j  ait  to  transport  in  uuich 
the  water  plays  a  part.  The  amount  of  -.-.ter  present  in  such  fa  rice  sue 
been  s/icwk.  to  influence  the  r.te  of  penetration;  '.itn  ti.ree  fabrics  (un¬ 
treated  heavy  duck,  pelatine-'plpve vine  f  rio,  and  cii-ciothj  it  t,\t>  fceeu 
shove  that  increase  ii.  noittuve  content  cj  tc  cut  %*,  i..ci  u  ?  o»  tn*  .mount 
cf  mustard  penetrating  per  unit  of  time,  .i^utr  .mounts  t .»an  5’-  reducing  the 
amount  of  penetr  .tier.  The  explanation  .t'v.nctc  for  1  nil  is  tu  v  ter 
may  play  a.  double  role;  it  ®-y  act  (p return  .  ly  -nor.  its  mount  is  i-rje)  ir 
an  in  sorbent,  Jit!  cl  via,*:  t^u  gut  u.*u  event  tally  denriyin,  it  ».y  ny-.  rclytit, 
but  may  aloe  (when  its  r-acur.t  is-  rouli)  »•  cilit  it.  j-oi  o:  .  y  , 

v tnitiag  surface  uuoorptier  on  the  fior«  tr  itij  tic»  mu  uy  ptning  tue 
gu.s*  turou^n  iuo  inters  tioet-  or  pores  cl  tnc  f.iric  by  ne..i»t  oi  »  pill  rity. 

For  protection  of  “be  lilu  *• .  dr.s t  must  r.  4-;m  ,  .v  ointment  v  s 
dovnlop  tul,  consisting  of  mixture  c  f  •  He  • ,  1  .nciti-,  iiiesstd  til,  ~tu\ 

:ine  oxide,  ?.»*ieu  served  primarily  to  \*«J  ;•  ta».  j  in.etr  ticn-of  must,  .t  w«t 
to  th*  skin,  tine  giving  aero  time  for  *  tap  or  tier,  tc  i  ku  pi  .«;s.,  ?nlt 

tif 


ointment  v?as  knovm  as  Sag  p  .ete,  und  v,ae  chipped  to  the  Veet&m  From  in  ■ 
large  quantities.  The  majority  of  the  report*  were  quite  favorable  tnough 
of  course  the  parte  v/ar  only  used  :t  the  front  for  a  limited  time.  It  -sas 
later  found  possible  to  improve  this  ointment  greatly  by  sprinkling  bleach¬ 
ing  powder  over  the  skin  after  the  ointment  had  been  applied,  the  bleaoh- 


*  4ifa~ 


We  can  now  come  back  to 


the  defense  research  work. 


ft  bill  lug  with  Wwt  on  the  absorbents,  of  which  the  most  important  Is 
oharooal.  It  had  been  known  for  a  long  time  that  charcoal  would  condense 
in  its  pores  or  adsorb  certain  gases,  holding  them  very  firmly.  It  was 
also  known  that  oertaln  oharooals  were  very  effective  in  decolorizing 
sugar  solutions  for  instance;  but  that  was  about  all.  It  was  known 
that  in  general  so-called  animal  oharooal  was  the  best  for  decolorizing 
sugar  oharcoals,  that  wood  charcoatewere  the  best  for  adsorbing  gases, 
and  that  ooke  had  very  little  adsorbing  or  decolorizing  power;  but 
nobody  knew  why  and  nobody  could  write  a  specification  for  charcoal. 

It  had  been  found  by  Hunter  more  than  fifty  years  ago  that  cocoanut 
oharcoal  was  the  best  for  adsorbing  gases  and  this  was  the  charcoal 
usually  used  in  scientific  laboratories.  In  1912  two  Germans,  Hem^pel 
and  Vater,  claimed  to  have  made  a  better  charcoal  than  cocoanut  char¬ 
coal  by  mixing  a  special  animal  charcoal  to  a  stiff  paste  with  ox- 
blood  diluted  with  water  and  charring  at  6000.  This  was  not  very  much 
in  the  way  of  information  and  even  this  was ^necessarily  applicable. 

The  scientific  work  on  adsorption  had  to  do|  with  the  equilibrium  rela¬ 
tions  of  pure  gases  while  the  war  problem  waB  to  remove  mere  traces 
of  toxic  gases  from  air  in  a  oery  short  interval  of  time.  For  instance, 
with  a  rapid  stream  of  air  through  the  canister^ the  modern  oharcoal 
will  reduce  7000  p.p.a.  of  ohlorpiorin  to  &  negligible  concentration 

in  about  0.03  seconds.  The  magnitude  of  the  task  is  more  evident  when X 

/ 

we  remember  that  the  pre-war  charcoal  scarcely  stopped  ohlorpiorin  at  all. 

Some  experiments  by  Professor  Lemon  at  the  University  of  Chioago 
had  shown  that  the  adsorbing  powers  of  ooooanut  oharooal  oould  be  varied 


a  great  deal  by  suitable  treatments.  Small  amounts  of  air  were  taken 
up  by  the  oharooal  at  low  tender  ature  and  then  the  charcoal  was  heated 
to  some  specified  temperature  and  as  muoh  ^  gas  as  possible  removed 
by  pushing  out  the  vessel.  If  this  were  done  a  number  of  times  at  600°, 
the  charcoal  was  proved  a  great  deal.  If  its  temperature  was  raised 
about  600°  the  charooal  became  worse.  No  satisfactory  explanation 
for  this  phenomenon  had  been  developed  at  the  time  the  United  States 


The  first  problem  was  to  get  a  charcoal  which  would  stop 

chlorine*  After  tmjtmg  carbonizing  all  sorts  of  materials  in  all  sorts 

of  way,  the  National  Carbon  Co.  suooeoded  in  making  a  oharooal  from  red 

oedar  which  stood  up  very  well  against  chlorine,  lasting  150-200  minutes 

as  then  tested.  In  order  to  improve  the  oharooal  still  further,  it  was 

desirable  to  have  some  theory  as  to  the  way  the  charcoal  acted,  Uvery- 

body  was  agreed  that  fine  pores  were  essential;  but  nothing  was  known 

in  regard  to  the  other  factors.  Some  people  said  that  the  presence  of 

certain  hydrocarbons  were  essential.  Th^s  was  in  line  with  the  view 

\ 

that  nitrogenous  material  is  of  the  greatest  value  in  charcoals  that 
are  used  for  decolorizing  sugar  solutions.  Ur.  Chaney  of  the  National 
Carbon  Co.,  took ^  the  opposite  view^that  carbon  had  very  high  ad¬ 
sorbing  power,  and  that  the  important  thing  was  to  remove  the  hydrocar¬ 
bons  which  he  assumed  still  to  be  there  after  the  carbonization.  He 
believed  that  one  great  difference  between  different  raw  materials  was 
the  difference  in  the  hydrooarbon  residues,  some  of  which  were  driven 
off  more  easily  and  more  oompletely  than  others.  To  prove  this  some 
of  the  red  oedar  oharooal  was  heated  in  a  bomb  conneoted  with  a .puup 
whioh  drew  air  through  the  bomb.  Although  this  oharooal  had  been  car¬ 
bonized  at  800°C,  various  gases  and  vapors  began  to  oome  off  at  300°C 

li 

and  some  of  these  vapors  condensed  when  oooled  to  orystalline  plates. 

This  not  only  proved  the  existence  in  the  charcoal  of  com¬ 
pounds  containing  hydrogen  but  also  showed  that  one  way  of  removing  the 
hydrooarbon  film  on  the  active  oarbon  was  to  treat  with  an  oxidizing 
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agent.  A  process  of  activation  by  oxidation  in  air  was  developed  rapidly 
and  the  regular  cedar  charooal  which  had  lasted  150-200  minutes  against 
chlorine  then  lasted  400-500  minutes. 

If  the  true  oause  of  the  inactivity  of  various  charcoals  w$s 
the  presence  of  adsorbed  hydrocarbons,  it  was  evident  that  two  methods 
of  activation  were  possible.  The  charcoal  oould  be  heated  for  a  long 
time  at  a  temperature  high  enough  to  decompose  or  drive  off  the  hydro¬ 
carbon.  It  could  also  be  oxidized  either  wet  or  dry.  Both  these  general 
methods  give  some  degree  of  activation.  The  first  one  was  employed  by 
the  British  and  the  French.  It  was  abandoned  in  this  country  because 
it  was  found  that  high-temperature  oraoldng  of  the  hydrocarbons  gave  rise 
to  a  somewhat  graphitic carbon  which  was  not  active. 

One  puzzling  fact  was  encountered  in  regard  to  air  oxidation. 
Samples  of  oocoanut  shell  charooal  had  been  made  whioh  were  evefy better 
than  the  red  cedar  charcoal;  but  they  did  not  respond  to  air  oxidation 
under  the  conditions  which  had  improved  rod  cedar  so  much.  This  proved 
to  be  because  the  critical  oxidation  temperature  of  cocoanut  charooal 
was  considerably  higher  than  that  of  cedar  oharcoal.  By  increasing 
both  the  temperature  and  the  time  of  oxidation,  the  ooooanut  charcoal 
improved  even  more  than  the  oedar  charooal,  changing  from  a  service 
time  of  200-400  minutes  against  chlorine  to  one  of  1500-1800  minutes, 
or  up  to  thirty  hours. 

About  this  time  it  was  discovered  that  the  180-200  minute 
oedar  charooal  did  not  Btop  ohlorpiorin  at  all,  lasting  two  to  three 
minutes  at  the  most.  Slnoe  ohlorpiorin  was  then  being  used  by  the 
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German*,  all  order# for  red  cedar  charcoal  were  cancelled.  Fortunately, 
it  turned  ouj;  that  the  activated  cocoanut  charcoal  lasted  200  minutes 

against  chlorpicrin  which  was  a  wonderful  showing  at  the  time,  though 

Arv) 

such  a  charcoal  would  not^be  considered  fit  to  use,  The  production 
of  this  charooal  on  a  oonnerclal  scale  was  turned  over  to  Hr,  (later 
Colonel)  Dorsey  of  the  llela  Parle  laboratory  at  Cleveland,  who  started 
a  plant  at  once  at  Astoria,  Long  Island,  for  the  Gas  Defense  service, 
later  the  Defense  Production  Division,  The  ooanerei&l  development 
will  be  discussed  in  the  ohapter  on  the  Development  Division,  'The 
product  as  turned  out  at  Astoria  was  called  Dorsite.  Before  tho  Astoria 
plant  was  built,  the  National  Carbon  Company  succeeded  in  making  a 
coooanut  oharooal  which  lasted  400  minutes  against  Chlorpicrin. 

Chaney  believed  that  only  part  of  the  activation  was  due  to 
the  removal  of  the  hydrocarbon  and  that  another  function  of  the  oxida¬ 
tion  was  to  dig  out  channels  through  the  carbon  thereby  increasi.g  the 
active  surface.  If  this  is  th>  case,  different  oxidising  agents  might 
easily  act  differently,  a  weak  oxidizing  agent  acting  selectively, 

'while  a  powerful  one  might  burn  the  carbon  away  uniformly,  or  might 
enlarge  existing  pores  instead  of  developing  now  ones,  1th  this  in 
mind  a  oareful  analysis  of  all  possible  methods  of  oxidation  was  nude. 
All  oxidation  processes  involving  liquids  were  discarded  in  favor  of 
oxidation  by  gases  beoause  the  latter  type  of  oxidation  seemed  cleaner 
and  oheaper,  and  oould  be  collated  in  a  single  operation,  there  being 
no  need  of  washing,  filtering,  drying,  eto.  The  following  gaseous 
oxidising  agent*  seemed  to  be  worth  studying! 
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1.  Air 


2.  Chlorine 

3.  Oxides  of  nitrogen 

4.  Steam  at  water  gas  temperatures 

5.  CO£  at  high  temperatures 

6.  Sulphur  Dioxide. 

The  first  experiments  were  made  with  chlorine  and  were  not 
encouraging  because  the  results  were  practically  the  same  as  with  air. 

It  was  thought  that  the  reason  for  this  v/as  that  the  charcoal  had  to  be 
heated  in  air  afterward  to  drive  out  the  chlorine  and  that  any  especially 
fine  structure  produced  by  the  chlorine  might  be  burned  up  by  the 
air.  To  avoid  this^ superheated  steam  was  passed  over  the  charcoal  to 
drive  out  the  chlorine,  the  temperature  being  kept  too  low  for  the 
steam  itself  to  react.  The  product  improved  steadily  and  reached  a 
life  of  800  minutes  or  four  times  the  life  of  the  first  air-treated 
oocoanut  charcoal,  with  rising  temperature  the  product  kept  on  im¬ 
proving  until  at  900°C  it  was  found  that  treatment  with  s^eam  alone 
was  just  as  effective  as  the  chlorine  treatment.  V.hile  working  -with 
steam  at  900-1000°0  is  not  the  easiest  thing  in  the  world  to  uo,  it  is 
a  much  simpler  problem  than  working  with  chlorine  at  that  temperature. 

A  semi -oonneroi al  continuous  process,  steam-treating  unit  was  then 
built,  in  which  the  eharooal  was  fed  into  the  top  and  removed  at  the 
bottom.  This  furnace  was  electrically  heated  and  yielded  about  24 
pounds  of  charcoal  a  day. 

The  results  were  so  good  that  men  were  sent  from  the  American 
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University  Sxperinent  Station  to  help  in  the  work.  By  the  tine  of 
the  signing  of  the  Annictioe  the  detachment  oonsisted  of  thirty  Chem¬ 
ical  Warfare  Service  men.  At  Astoria,  Ur.  Dorsey  at  once  started 
large  soale  production,  using  a  ni chrome  metal  central  tube  instead 
of  a  day  one  and  firing  by  flame lees  combustion  Instead  of  using 
electrical  heating. 


ti  (Jev®^0I:'m9Ilt  °f  the  steam  prooess  was  not  due 

merely. that  it  gave  the  best  charcoal.  She  air-treatment  was  much 

n 


cheaper  and  gave  a  product  v/hioh  was  several  times  as  efficient  as 
tha'c  then  in  use  hy  the  British  and  French.  She  great  advantage  of 
the  steam  process  was  that  it  worked  well  with  all  kinds  of  charcoal. 
With  the  air  prooess  it  was  not  possible  to  makejtf^arooal  from  other 
sources  which  was  as  good  as  the  air-treated  ^harcoa.1,  .-here as  inferior 
material,  whan  treated  with  steam  gave  Charcoals  as  good  as,  or  better 

am  *4  tsuiu 

than,  the  best  air-treated  charcoal  Shis  was  very  lcportant  because 
not  over  100  tons  of  race  oocoanut  Sheila  per  day  could  be  oountod  on. 


Since  this  meant  only  eight  tons  of /charcoal]  f  ini  t 


sr  day,  it  was 


very  neoeesary  to  find  a  substitute  for  ooooanut  charcoal. 

X 

*  Arrangements  were  made  by  the  Defense  Production  Division  to 

IfUKft 

import  oohaat  ante  from  Louth  America  and  Central  America,  and  to  oolleot 
peach  atones,  etc.,  from  all  over  the  United  a  tat  es, and  the  National 
Carbon  Oocpany  started  developing  charcoals  from  anthracite  ooal, 

e 

bituminous  ooal,  lan?-blaok,  wood,  ooooanut  fines,  eto. 

ate  first  experiments  were  aadeSarith  a  special  anthraoi  te 

ooal  nhloh  gave  service  times  up  to  SCO  minutes  as  against  sec/or  air- 

ssi  A 

treated  ooooanut  oharooal  and  800-900, for  a  team- treated  charcoal. 

Pf 


Shis  product  was  called  Batohite  after  Ur.  H.  D.  Batchelor.  When  the 
Oas  Defense  Service  tried  to  activate  anthracite  on  a  large  scale  in 
vertical  gas  retorts  at  Derby,  Connecticut,  the  attempt  was  a  failure. 
Ihey  carbonised  at  900°  and  then  turned  on  the  steam  with  the  result 
that  the  steam-treated  coal  had  a  slightly  greater  density  than  the 
untreated,  which  was  wrong,  and  had  a  shiny  appearance  in  pjjarts  v/ith 

.A 

roughened  deposits  in  the  other  arts.  When  the  hydrocarbons  are 
dec osmosed  at  high  temperatures,  the  resulting  carbon  is  sanefch&t 

e 

graphltt^  is  Itself  inactive,  is  not  readily  oxidised,  and  inpairs 

or  prevents  the  activation  of  the  normal  carbon  upon  which  it  is 

deposited.  This  discovery  made  it  possible  to  trer.t  anthracite  success- 

•  \ 

fully.  The  conditions  must  be  such  4s  to  minimize  high- temperature 
cracking,  to  carry  off  or  oxidize  the  hydrocarbons  as  fast  as  formed, 
and  especially  to  prevent  the  gases  from  cooler  portions  of  the  treater 
ooming  In  contact  with  carbon  at  a  nuoh  higher  temperature,  ,/lth 
these  facts  In  mind,  Mr.  Batohelor  of  the  National  Carbon  Company 
wac  able  to  build  a  plant  at  Springfield  which  produced  10  tons  a  day 
of  150-300  minute  charcoal  from  raw  anthracite.  This  was  one-third 
of  the  total  production  at  that  time  and  was  mixed  with  the  nut  Charcoal 
made  at  Astoria,  thereby  preventing  an  absolute  shortage  of  oanicter- 
flllipg  material. in  October,  1918. 

The  effeots  of  high-temperature  o racking,  or  gas  treating  as 
(money  oalls  It,  explain  why  it  is  in|>ossible  to  aotlvate  retort  ooke 
satisfactorily  end  also  why  sennits  of  lighting  oarboo  made  with  lamp¬ 
black  flour  might  activate  well  if  taken  from  one  pars  of  the  furaaoo, 

oS 
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and  not  at  oil  if  taken  from  another  part  cf  the  mu,,.,  furnace.  It  ie  all 
a  question  of  the  temp oraiurut  in  the  different  p-rte  of  the  furnace. 

It  was  nert  enown  that  the  cccoanut  churcoai  fines  resulting  from 
grinding  and  screening  lessee  v.ith  the  cccoanut  charcoal,  and  amounting  to 
SO J?  of  the  product,  could  be  ground,  mined  with  binder,  find  buked  like 
ordinary  carbon  producte.  By  avoiding  gas-treating  in  tne  bake,  tne  re¬ 
sulting  charcc«l  ie  nearly  ut  rood  at  taut  fren  the  original  shell,  A 
recovery  plunt  for  treating  ti»a  cocounut  fines-  was  built  at  nstoria.  Tne 
product  v.ae  called  "Coalite, " 

Tne  great  advantage  of  coccanut  tnell  ac  _  source  of  cu..rcoal  it 

tnnt  it  is  very  dense  anu  consequently  it  it  possible  to  convert  i+  into  a 

mans  having  a  large  number  of  line  vores,  wnoreus  _  less  .enso  wood,  like 
% 

cedar,  vail  necessarily  give  more  larger  porer,  vnich  ire  of  relatively  little 
value.  The  cccoanut  charcoal  ie  also  pretty  resistant  to  oxidation  .nich 
seems  to  make  selective  oxidation  n  more  rimplo  natter,  By  briquetting 
different  ?;oode,  it  it  possible  to  *®ike  eoarcout  fron  then  v.hich  it  nearly 
equal  to  that  from  cccoanut  shell. 

By  he  ting  lamp  black  -.it h  sulphur  rd  friquetting,  it  vuc  pos¬ 
sible  to  nuke  a  char so  1  having  approximately  tae  t  service  time  at 
cocoanut  cu.rcoal.  at  the  Cornell  L*«boritcry  •;  cturco.tl  uve  made  by  emul¬ 
sifying  carbon  dUck  with  so  ft  pitch,  enicu  jive  tne  equivalent  of  400 
adnutes  against  culo.picrin  before  11  hick  been  ituu^t r.~  ivd.  Tnis  locked 

to  >oou  tnat  toe  plane  wr»  a  men  for  »«.klru  „  tw©u«  one  pounds  or  mere  of 
tail  product^  at  iUthi^tou  SC  af  to  rive  it  a  tnorou.^u  test*  This  was 
not  i«os  OB  account  of  the  rtopp lug  of  i.11  ts eearen  »ofk,  The  potcirle 
a.tv-rta  e  of  thin  product  r;*  the  mote  uniform  oletributicB  of  lin  er. 


The  national  Carbon  Company  aiee  studied  the  production  of  \ 
charcoal  from  b^tljninous  coal  and  made  a  600  minute  oharcoal  fron  this  / 
naterialt/^lnstead  of  s Lean-treating  anthracite  coal  direct,  the 
National  Carbon  Company  also  pulverized  it,  mixed  it  with  binder,  and 
baked  it  into  rods  vxhich  were  then  ground  and  activated  with  steam. 

The  resulting  material,  which  wa c  known  as  Carbonite,  had  somewhat 
less  activity  than  the  lamp-black  mixes  but  was  very  much  cheaper. 

A  plant  was  built  to  bake  40  tons  a  day  of  this  material,  which  would 
yield  10  tons  a  day  of  active  carbon  after  allowing  for  grinding 
losses  and  steam  treatment.  'The  plant  was  guaranteed  to  furnish  an 
absorbent  having  a  life  of  600  minutes  against  ohlorpicrin  (40  minutes 

on  the  accelerated  test ) .  jJ'  . „ 

After  the  armistice  was  signedyir.  Chaney  took  up  the  question 
of  how  the  Germans  made  their  charcoal.  The  German  charcoal  was  made 
from  a  coniferous  wood  and  was  reported  to  be  as  good  as  ours,  in  spite 
of  the  fact  that  they  were  using  inferior  materials,  Inside  of  a  month 
Ur.  Chaney  had  found  out  how  the  German  charcoal  was  made,  had  duplicated 
their  material,  and  had  shown  that  it  was  nothing  like  as  good  as  our 
charcoal.  The  Germans  impregnated  the  wood  with^inA chloride,  carbon¬ 
ized  at  red  heat,  and  washed  out  most  of  the  zinc  chloride.  ’.Then  this 
zinc  chloride  was  found  in  the  German  charcoal,  it  was  assumed  that  it 
had  been  added  after  the  charcoal  had  been  made.  It  was  therefore 


dissolved  out  -with  hydrochloric  acid,  thereby  inproving  the  oharcoal 
against  chlorpicriu.  The  German  charcoal  was  then  tested  as  it  stood, 
including  the  lines,  against  American  charcoal/  8-14  mesh.  The  most 
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serious  error,  however,  was  in  testing  only  against  a  high  concentra¬ 
tion  of  chlorpierin#  The  German  charooal  contains  relatively  coarse 
pores  which  condense  gases  at  high  concentrations  very  well  but  which 
do  not  adsorb  gases  strongly  at  lav  concentrations.  The  result  was 
that  the  German  oharcoal  was  rated  as  being  four  or  five  times  as  good 
as  it  really  was. 

The  general  theory  of  adsorbent  or  '‘active"  carbon  has  been 
outlined  by  Ur.  Chaney  something  as  follows :- 

1.  Active  carbon  is  a  form  of  amorphous  oarbon  deposited  at  re¬ 
latively  law  temperatures  {belov/  600OC)  by  chemical  or  ther¬ 
mal  decomposition  of  carbon  compounds.  It  is  substantially 
free  from  adsorbed  hydrocarbons  and  from  the  inactive  forms 
of  carbons  deposited  by  thermal  decomposition  of  hydrocarbons 

at  relatively  high  temperatures,  as  in  so-called  "gas- treating". 

2.  Primary  carbon  is  active  carbon  plus  adsorbed  hydrocarbons. 

.  "'\  ’  ' 

■  .  j.  ' 1  .  .  ■  ,  .  _  -  * 

Destructive  distillation  of  hydrocarbons  at  low  temperatures, 
as  in  the  charring  of  woods,  burning  of  oils  to  lamp-black, 
and  distillation  of  coal,  results^in  general?in  the  deposition 
of  active  carbon,  which  adsorbs  a  certain  amount  of  the  hydro¬ 
carbons,  thus  forming  what  is  called  primary  carbon.  The 
adsorbed  hydrocarbons  are  stabilised  thereby  so  that  they 
resist  cracidng  and  volatilisation  at  very  much  higher  tem¬ 
peratures  than  they  would  if  not  adsorbed. 

3.  Aotlvatlon  consists  in  removing  the  adsorbed  hydrocarbons 
from  the  active  oarbon  and  in  scouring  the  proper  porosity. 
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The  removal  of  the  hydrocarbons  is  a  difficult  matter  oaring  to  their 
being  stabilized  by  adsorption.  Increasing  the  surfaoe  of  the  active 
charcoal  means  increasing  the  adsorption.  Increasing  the  porosity  and. 
therefore  decreasing  the  density  is  of  benefit  only  so  long  as  it  in¬ 
creases  the  surface.  A  first-class  oharooal,  may  have  an  apparent  den¬ 
sity  of  0.4  while  the  true  density  of  the  oarbon  is  over  1.8. 

The  specific  oxidizers  found  of  most  value  were  air  at  360- 
450°C  and  steam  or  C02  at  800-1000°C.  The  success  of  the  method  lies 
in  the  fact  that  the  hydrocarbons  are  more  susceptible  to  oxidation 
than  active  oarbon  and  may  therefore  be  removed  with  only  the  loss  of 
carbon  essential  to  proper  porosity  of  the  granular  absorbent. 

4.  gas  treating  is  the  decomposition  of  hydrocarbons  at  high  temperatures, 
in  general  above  600°G.  The  product  is  inert,  non-absorbent,  and  re¬ 
sistant  to  oxidation.  V»hen  deposited  in  the  pores  and  on  the  surface 
of  active  carbon,  it  renders  the  latter  inactive,  ana  partially  or  v/holly 
incapable  of  re-activation,  depending  on  the  extent  of  the  gas  treatment. 
The  inferiority  of  the  British  and  French  charcoal  is  due  to  the  inac¬ 
tive  carbon  formed  as  a  result  of  prolonged,  high-temperature  distillation. 

The  essential  feature  in  the  manufacture  of  active  carbon  is 
to  avoid  gas-treating  both  in  the  preliminary  carbonization  and  in  the 
subsequent  processes  of  removing  hydrocarbons  from  active  carbon.  Y.hile 
retort  oarbon,  ordinary  bituminous  ookes,  and  various  manufactured  car¬ 
bons  are  inactive  and  inoapable  of  activation,  this  is  not  a  necessary 
characteristic.  Oping  to  the  method  of  coking  or  baking,  such  products 
have  received  a  severe  gas-treating,  bhen  this  is  avoided, 
bon  may  be  manufactured  from  any  carbonaceous  material. 

-  4$.*’’] 
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The  manufacture  of  a  satisfactory  eoda-lime  was  a  difficult  problem. 
The  first  eoda-lime  had  too  much  caustic  soda  and  was  too  eoft  and  too  deliques¬ 
cent,  Captain  (afterwards  Major)  Dudley  brougit  over  tue  formula  for  the 
British  poda-lime  and  this  v/as  taken  as  a  starting  point.  It  wae  neceoeary 
to  strike  a  balance  between  a  number  of  desir  ble  qualities:  absorptive 
activity,  capacity,  hardness,  resistance  to  abrasion,  chemical  stability, 
low  breathing  resistance,  etc.  The  development  of  a  satis facto ry  so  da- 
lime  involved,  as  u  preliminary,  a  careful  study  of  the  raw  materials  and 
the  development  of  standard  specifications  and  of  met nods  for  testing.  The 
method  of  manufacture  is  in  some  respects  more  important  than  the  exact 
composition  of  the  product.  Details  therefore  had  to  be  worked  out  for 
mixing,  slabbing,  dryingyind  grinding.  The  method  of  manufacture  was  also 
improved  by  devising  a  process  for  spraying,  sodium  p-emanganate-  upon  the 
granules  after  they  were  dried.  The  final  product  ccirirted  essentially  of 
a  mixture  of  lime,  cement,  kieselguhr,  sodium  permanganate  and  sodium 
hydroxide,  the  last  two  being  present  in  very  small  proportions.  The 
caustic  so da- gives  the  activity,  the  lime  the  capacity,  the  kieselguhr  the 

porosity,  and  the  cement  the  hardness  anile  the  permanganate  is  added  to 

— 5 

take  »££> certain  oxi disable  gases  which  the  Germans  might  Uuve  used  but 

I* 

did  not.  The  final  product  'was  better  than  the  soda-lime  made  by  any  of 

tne  otner  belligerent  countries, 

A  great  many  experiments  were  also  made  to  find  better  binding 
agents,  better  activating  agent e,  or  special  reagents  which  might  improve 
the  absorbent  with  reference  to  some  particular  gas.  It  was  quite  easy  to 
produce  better  results  in  any  one  direction;  but  tneee  were  usually  counter-  / 
balanced  by  a  corresponding  disadvantage.  If  the  hardness  was  increased, 


for  instance,  the  absorptive  activity  always  decreaeed  and  vice-versa.  The 
following  materials  seemed  fairly  proraieing  however:  copper  oxide,  vndch 
improved  the  soda-lime  greatly  against  hydrocyanic  acid;  ferric  hydroxide, 
which  helped  against  cyanogen  chloride;  and  finely  ground  charcoal,  will ch 
tended  to  activate  the  soda-lime  against  all  gases. 

The  successful  production  of  a  satisfactory  soda-lime  for  the 
Army  led  to  a  request  by  the  Navy  for  the  development  of  a  more  satisfactory 
soda-lime  to  absorb  carbon  dioxide  in  submarines.  'A  material  was  developed 
which  gave  distinctly  better  absorptive  efficiency  and  enormously  better 
mechanical  properties  than  any  GOg  absorbent  previously  used  by  the  Navy 
and  permitted  submergence  for  eifeht  times  the  periods  which  hud  been  possible 
previously.  A  soda-lime  was  also  developed  for  the  Navy  to  be  used  in  a 
self-contained  oxygen  respirator  apparatus  for  the  absorption  of  COg  from 
the  lungs. 


Since  the  absorbents  are  placed  in  the  canister  at  least  two  or 
three  months  before  they  are  used  and  may  be  in  use  for  several  months  - 
before  they  are  replaced,  the  question  of  deterioration  is  a  serious  one. 

Hie  prevention  of  deterioration  of  soda-lime  was  found  to  be  largely  a 
question  of  keeping  the  various  raw  materials  as  pure  as  possible.  The 
chiof  difficulty  is  the  decofflpoeitiou  of  tho^orraangauate,  which  can  be  pre¬ 
vented  if  the  alkali  content  is  kept  low  umyull  ins  materials  are  free  from 
reducing  agents  or  soluble  suite.  A  low  alkali  conton  also  prevents 
deterioration  due  to  aeliquesconco  of  the  an  .orb  eat* 

The  only  method  by  which  sodium  permanganate  was  nude  before  tho 


war  gave  a  product  which  was  entirely  unsatisfactory  for  use  in  soda-lime  be¬ 
cause  not  euf  fi cleat ly  pure.  New  methods  for  oxidation  and  evaporation  were 
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therefore  developed.  An  electrolytic  method  of  preparing  codium  per¬ 
manganate  was  developed.  The  work  was  begun  at  tho  Johns  Hopkins  labora¬ 
tory,  carried  further  at  the  Washington  laboratory,  put  on  a  large-scale 
laboratory  basis  at  Columbia  University,  and  tried  out  on  a  semi-plant 
scale  at  the  works  of  the  National  Electrolytic  company,  Niagara  Falls. 

The  experiments  were  entirely  satisfactory  and  a  muon  purer  permanganate 
was  obtained  than  by  any  other  method.  It  was  estimated  that  the  cost  by  the 
electrolytic  process  would  only  be  aoout  one-tnird  taat  by  the  cueiaic&l  process. 
As  soon  as  the  soda-lime  problem  was  fairly  well  in  hand,  investi¬ 
gation  was  begun  of  a  great  number  of  other  types  of  possible  absorbing 
materials.  It  was  soon  found  that  the  moot  promising  of  all  types  of  ab¬ 
sorbents  were  impregnated  charcoals,  since  tney  retained  the  absorptive 


action  of  the  charcoal  -and  yet  could  react  cnendcall  with  certain  gases, 
depending  upon  tno  nature  of  the  impregnating  agent .  Charcoals  have  been 
impregnated  with  practically  all  the  metallic  hydroxides,  .vita  a  great  many 
inorganic  salts,  with  organic  corqpoundc,  with  oxidizing  agents,  etc.  The 
bent  material  was  a  copper-impregnated  charcoal  to  which  the  name  of  v/hetlerite 
me  von.  It  was  made  by  introducing  popper  sulphate  into  charcoal  and  J 


4  reducing  with  finely  uivided 


iron.  This  absorbent  is  u  consistent  nll- 

Cui 

round  injprovemont  over  the  corresponding. imp rugnuted  charcoal  and  was  to  have 


beer,  put  into  large-scale  production  by  tno  Gas  Defense  Division.  The 
material  gave  an  average  increase  in  service  time  oi  500;,  against  arsine, 

100;»  against  hydrocyanic  acid,  60 %  against  phosgene  -aid  otnor  acid  Oaseo,  and 
10  -  ^oS^against  other  gases, 

»  Another  very  promising  new  typo  of  absorbent  was  the  so-called  iron 
gel  or  ferric  hydroxide  absorbent  which  ms  made  by  precipitating  ferric  hydr¬ 
oxide  in  a  very  finely  divided  form,  washing,  drying  very  slowly,  and  grinning 

into  granular  form.  All  those  op orations  must  be  carried  out  under  carefully 

JfC  k) 


defined  conditions*  The  final  product  is  a  better  absorbent  for  all 
gases  than  charooal  in  a  dry  atmosphere;  but  it  showed  a  great  ten¬ 
dency  to  take  up  moisture  rather  than  the  poison  gases.  It  seems 
possible  that  tho  ideal  mixture  for  a  canister  may  consist  of  70)3 
Whetlerite  and  3Vjl  iron  gel. 

A. 

7^  Another  very  interesting  absorbent  was  the  si  lice***  gel 
developed  at  the  Johns  Hopkins  University!  This  had  great  absorptiWE- 

if* 

power  especially  against  high  concentrations!  but  did  not  hold  the 

A 

gases  sufficiently  when  they  -were  present  in  low  concentration. 

Special  determinations  on  the  effect  of  the  size  of  the 
particles  of  the  different  standard  absorbents  on  their  efficiency 
against  different  gases  showed  that  the  increase  in  efficiency  with 
decreasing  size  of  grain  is  very  great  with  soda-lime,  less  with 
whetlerite,  and  least  of  all  with  charcoal.  Experiments  were  also 
made  to  determine  the  best  combination  of  size  of  granules,  depth  of 
layer,  and  area  of  cross-section  to  give  the  maximum  efficiency  and 
the  lowest  pressure  drop  through  the  canister.  These  experiments  led 
to  a  radical  change  in  the  design  of  the  1919  canister,  giving  it  a 
very  large  cross-section  area,  a  shallow  layer  of  absorbent,  and  fine- 
meshed  particles. 
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The  Navy  wished  a  special  absorbent  to  stop  carbon  monoxide 
and  Col*  Lamb's  Section  succeeded  in  developing  two  whioh  were  satis¬ 
factory*  The  first  consisted  essentially  of  iodine  pentoxide  and 
fuming  sulphuric  acid  mixed  with  pumice.  This  reacts  with  the  oar- 
bon  monoxide  oxidizing  it  to  carbon  dioxide.  Some  experiments  along 

ft ° 

this  line  were  eaerted  eat  by  the  French;  but  they  did  not  carry  the 
idea  through  to  a  successful  finish.  The  second  and  better  absorbent 
consisted  of  a  mixture  of  suitably  prepared  oxides  which  act  catalyt- 
ically  under  certain  conditions  and  cause  the  carbon  monoxide  to  react 
with  the  oxygen  of  the  air.  This  is  the  one  that  has  been  put  into 
large  scale  production.  Since  there  are  color  changes  connected  with 
the  iodine  pentoxide  reaction,  it  has  been  possible  to  develop  this 
so  as  to  serve  as  a  detector  for  carbon  monoxide,  sensitive  to 

o.ooi#  co.  ibufbjuuJstATltM***-  dtunCjfat 

The  Havy  also  wished  an  amonia  absorbent  and. a  successful 

uJ&jL  * 

one  uau  found  1m  Kupramite  which  consists  of  pumice  impregnated 
with  its  weight  of  CuSO^SHgO.  With  44  cubic  iirohes^in  the  standard 
Irmy  oanisterynen  at  rest  have  complete  protection  against  3#  ammonia 
for  four  hours  and  against  5#  ammonia  for  2.5  hours.  With  men  doing 
severe  exercise  the  life  against  5 #  ammonia  is  over  25  minutes.  At 
a  rate  of  flow  of  air  of  85  liters  per  minute,  the  resistance  is  less 
than  50  urn.  of  water. 
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The  development  of  the  oanlster  and  of  the  faoe-piece  of 
the  mask  was  connected  so  intimately  with  the  production  that  it 
seems  better  to  take  up  these  two  general  questions  in  the  chapter 
devoted  to  the  Defense  Production  Division  in  spite  of  the  fact  that 
a  great  deal  of  work  was  done  by  the  Hesearch  Division*  Certain 
points  in  regard  to  the  oanisters  and  the  eye-pieces  canned  be  dis¬ 
cussed  here^  ^ uTVifVl  # 
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Tn-j  rcr.-.-r-l  cevelopncr.i  oi  in*  vadd“.;*  has*  ;«<*  -lana  twc 
-erer-l  :  clecre  -re  i;.  triune  ut-  better  ahetrte.  ic  vcre  c-.t_l.aea  ....si 

red.  ctici.  cf  r»i  is-tu.ce  to  r.reutaiay.  Tee  ubeorseait  ..n  c  i;;  : ixi H\:.  ••*»£ 
lirct  cani  c-tc-rt  -jc nr-if-tec-  of  each  cn.reoai  ».\d  _  ;c*;;a-li*3e  cc. :.i'd?  _  ■_ 

percent.-^e  ci‘  c  .uctic  rcdu  and  colored  ree..  •  i;  :'iu~  race  in¬ 
stead  of  piii};  ly  rcdiur.  perrE-..;,-  .ante,  a;  si.euid  _ _ ve-  «.cer»  t;ie  c.-se.  The 

rarer  ia:ct  —  ere  cc-i.sidi rod  -.t  ■=■..  4  ..tie  ere  e.lcri-.e,  p^os-.  t-.c  —  .a  .rare.-— 
cyanic  cid.  .l-.rlv  ?.~.j  erine.-tr  sacred  iu.t  it..  5s  cubic  ii.c..er  f  o  r— 

iert  ir.  t-5»s  c:  :  ir;  e  r,  +rc  t  .rtr  cf  rc du-ii'cs:  tc  *  ..:ee  cf  Cj.arceal  >*.r  af 
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lor  .1  c ..e  -oel  cut  er.'r..  -.se  cf  &— *ahu.x  a;.,  saiti  v  et.;..-e 

yrc-tcctic.  .  Tisir  r..tic  s-r-  -bp'  -  :'  :  ?  .  .rc  it  -s  de fires,  ’.r.  r.cej  ~..s 

*;nr  ’it  C  *  i:.a  i'CC-li  ...  i  I  I  i  ;  jl  .i,;:.  :1".-  O...  ■  .“v  ..  1>.  .*StI  1..  June  i  ) 

di  •  tot  cp  caic.picrin  -ui  ins  tea  -line  -t  dirt.-ciiy  inferior  p  roduet . 
Tiis  weed  on-reo— 1  ".-nr  m-  . ..ctd  ■  _-  cs.-cca-.UT  e-i.-rec  .'1  -r  « ec «.  -t  }  cs?s  s.ei.u  -i-e 
i;.t  quality  of  :  a-  .ii.t-.i-r  v-i-t  ire  rcvwd  csnil  i.uoueiy.  ?»»•■■>  if.  ine 

sode-liae  ..  .r  e.y.-rljy  aurked  no  c.r.r.jo  on  u.6  ■.•k1.;tiv«s  eraouir.  r  c;  r-ce.s- 
i-~i  no  charcoal  .at  .ver  n.r.e.  >.  r  ::.n  t-n.er  h..aa  in  ev.c  coon  :oui»a  that 
err*  ■'er  results-  .vacs.--  ci-  ..i..oa  r  ni.n _ t  .no  enaroc-  jr  *rn  ■  o ■  ■  ‘"iii.c,  r.  t . .e r 
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-.-opted. 

T-y ,  |. ~i  ^ ..  \  1  \;7  1  f  *, eiTi 'ei.C''  lor  ■  .*  ;  acosnitt'-*  ei j  at.t  to  J  — r  r  ‘tej.*- 
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the  letter  of  i.-.o  •;  jjis-tcr,  fc.-*io  rerviKy  to  fpi'ia.d  tnc  air  «on>  uuilc-rmly. 

,r  njp  bo  yet  fed,  t.iic  oiiaruiellAna  up-  tnc  f-i.d<-r:  of  ’Uie  e-  air  ter  ir  lest 

t1--!'  lo  er  the  r»rte  of  flcv.  end  in  Ices  for  intcrnnit tent  i J.ot;  l*>an  lor 
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continuous  nflow.  .  The  tendency  to  on.Jinel  varies  ith  tho  packing  of  the 
cflhitter'  anu  the  experiments  on  channelling  led  to  an  improved  method  of 
packin'  .  The  original  method  of  packing  experimental  coneitern  had  been 
to  pour  the  absorbents  into  the  canisters  anc  tamp  t aem  town  idth  a-  wooden 
block.  .  .This  method  pacta?  the  center  ha rue r  inun  the  sides  Caueen  the  ;as 
to  channel  Up  the  sides.  The  improved  method  consisted  in  filling  'the  canister 
Tilth  absorbent e  and  tneu  inserting  the  top  screen  and  springs.  The  canister 
with  the  spring  pressure  «p-.  liod,  ic  then  jolt. -4  tin 'a  machine  designed  to 
give  tnc  c  anister  one-inch  drop  one  hundred  and  fifty  tirnen  per  mi..ute. 

Till*  settles  the  absorbents  evenly  and  deore -sen  irregular  cu.  .nne.iii.n  -  l:c  ft 
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With  falling  ten^erature  the  life  of  the  canister  ir.crs  usee 
against  phosgene,  hydrocyanic  acid,  and  cyanogen  chloride  while  there  is 
practically  no  change  with  the  temperature  when  the  canister  ic  tested 
against  chlorpicrin,  The  differences  may  be  quite  marked.  Thus  a  charcoal 
which  l_ote  17.5  minutes  against  phosgene  at  40° C  will  stand  up  for  54 
minutes  at  -13°C.  Hie  difference  is  not  so  great  witn  soda-lime,  so  that 
the  life  of  a  c mister  gainst  phosgene  at  -13°C  is  only  about  70$  greater 
than  at  40°  C  instead  of  about  200$  greater  as  would  be  the  cc.se  if  the  fil¬ 
ling  v/ere  entirely  charcoal.  With  hydrocyanic  void  the  variation  aiti. 
the  temper  :ture  ic  very  marked  for  the  soda-line  and  relatively  little  for 
the  charcoal .  Thus  the  life  cf  rne  canister  i;-  more  than  aoubled  when 
changing  from  40°  to  -13°C  while  the  increased  life  with  charcoal  alone  is 
only  about  20$.  against  cyanogen  culoriie  inu  life  at  tue  lower  -tempera¬ 
ture  in  six  tines  that  it  is  at  t:»c  higher  temper, .lure, 

With  increasing  humidity  the  life  of  the  canister  against  phosgene 
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One  great  difficulty  with  the  mask  is  the  dimming  of  the 
eye-pieces.  The  French  met  this  to  some  extent  by  using  eye-pieces 

L  -• 

made  or  cellophane,  a  hydrated  cellulose  aoetate.  This  material  takes 
up  water  but  lets  it  diffuse  through.  The  eye-pieoe  remains  non- 
dimaing  provided  the  condensation  of  moisture  is  not  too  rapid.  The 
Germans  used  a  gelatin-coated  eye-pieoe  which  could  take  up  a  certain 
amount  of  water  before  dimming,  after  which  another  eye-piece  must  be 
substituted.  The  British  used  a  glass  eye-piece  upon  which  they  rubbed 
and  anti -dimming  mixture  called  glasso,  which  kept  the  water  from 
forming  in  drops  on  the  surface.  In  the  French  Tissot  Mask  the  air 
which  comes  through  the  canister  passes  over  the  eye-pieces  and  cuts 
down  the  dimming  very  much. 

The  Research  Laboratory  of  the  Eastman  Kodak  Company  suc¬ 
ceeded  in  producing  a  gelatine  which  was  distinctly  superior  to  that 
manufactured  by  the  Germans.  The  fatal  defects  of  this  material  as 
compared  with  glass  are  its  poorer  initial  optical  qualities,  its 
softness  when  moist  making  it  liable  to  scratching,  and  the  tendenoy 
of  the  eye-pieoe  discs  to  warp  during  the  absorption  of  moisture  or 
during  drying. 

The  French  'cellophane'  eye-piece  is  essentially  viscose, 
so  the  actual  making  of  the  material  is  easy^but  the  difficulty  is 
to  obtain  disos  in  a  sufficiently  transparent  and  optically  satis¬ 
factory  form.  The  Viscose  Company  suooeeded  in  obtaining  material 
equal  to  th^made  by  the  Frenoh  and  in  thiokor  sheets  .but  it  was 
still  distinctly  inferior  to  the  hydrated  cellulose  obtained  in  other 


2 


/(orSr 


ways.  Denitrated  cellulose  nitrate  gives  a  still  better  product 
but  it  proved  impossible  to  denitrate  oompletely  sheets  as  thick 
as  were  desired*  This  work  was  done  at  the  Delta  Laboratory  of  the 
DuPont  Company  at  Arlington,  N.  J.  Cellulose  aoetate  proved  to  be 
the  best  substance  from  which  to  prepare  transparent  cellulose. 

The  Chemical  Products  Company  of  Boston  found  that  with  alcoholic 
or  aqueous  ammonia  it  was  possible  to  hydrolyze  sheets  containing 
very  little  softener  and  which  we re  thicker  than  those  to  be  obtained 
from  any  of  the  other  materials.  The  product  was  distinctly  superior 
to  the  French  'cellophane1  both  in  hygroscopic  and  optical  properties. 
Like  the  other  forms  of  hydrated  cellulose  it  is  subject  to  cockling 
and  shrinking  on  repeated  drying,  so  that  it  frequently  pulls  out 
of  its  holder.  Though  its  optical  properties  are  surprisingly  good, 
they  are  inferior  to  glass  and  the  material  is  easily  scratched  when 
moi st. 

One  other  material  studied  was  a  hygroscopic  glass.  Class 
lenses  were  actually  secured  which  did  not  dim  readily;  but  the  material 
had  not  the  required  degree  of  permanency. 

Yvhile  these  experiments  were  being  carried  on,  work  was 
also  being  done  to  improve  on  the  anti -dimming  materials  used  by 
the  British.  The  material  finally  adopted  was  made  by  heating  a  mix¬ 
ture  o  .wsisting  of  100  parts  of  85^  Turkey  rod  oil,  15  parts  of  caustic 
soda,  5  parts  of  syrupy  water  glass,  and  5  parts  of  paraffin,  then 
drying  the  mixture  to  about  10^  water  oontent.  This  material  was 
manufactured  on  a  large  scale  by  Colgate  and  Company  in  the  form 
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of  small  round  sticks.  Ten  million  of  these  anti-dinning  sticks 
had  teen  contracted  for  by  the  Gas  Defense  Production  Division. 

Vn'ith  the  introduction  of  the  TiSBOt  type  of  mask,  the 
problem  changed  somewhat.  '..ith  this  type  there  is  much  less  dimming^ 
because  the  inhaled  air  passes  over  the  eye-pi eoes.  Dinning  does 
take  place  intermittently  when  the  man  exhales  and  this  is  of  course 
more  marked  the  colder  the  weather.  lixperiments  showed  that  tho 
anti-dimming  stick  developed  for  tho  2.  B.  K.  mask  was  not  absolutely 
satisfactory  for  the  Tissot  type  of  mask,  but  a  slight  change  in  the 
formula  met  this  difficulty  and  four  million  of  the  new  type  of  anti¬ 
dimming  stioks  were  Ordered  by  the  Gas  Defense  Production  Division. 

It  seemed  possible  to  eliminate  all  dintdng  with  the 
Tissot  type  of  mask  by  changing  the  design  somewhat,  all  the.-  foxms 
developed  for  this  purpose  made  use  of  a  sponge-rubber  dam  fitting 
tightly  across  the  face  over  the  nose  and  cheeks  thus  dividing 
the  air  apace  within  the  mock  into  two  chambers,  one  for  the  eyes 
and  the  other  for  the  mouth  and  nose.  In  -hat  seemed  to  be  the  ;>*.st 
of  the  four  types  the  air  from  the  eye  charab  r  passes  though  a 
single,  large,  low-resistance  valve  to  the  breathing  chamber •  It 
is  not  prootiooble  to  plaoe  this  valve  in  tho  rubber  dam  ar.u  it 
must  in  general  be  inoludod  in  an  external  tube*  ..ith  a  valve 
placed  at  this  point,  the  corresponding  valve  on  the  bate  of  the 
canister  ©an  b«  omitted.  This  arrangement  prevents  the  baokward 
flo ■  of  moist  air  into  the  eye-ohaster  and  yet  does  not  involve  any 
serious  effects  in  musk  resistance  even  at  high  rates  of  breathing* 
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Masks  of  thi»  type  have  stood  up  most  successfully  under  very  rigid 
tests.  rjlhe  one  essential  Is  that  they  shall  fit  well.  On  the  other 
hand  the  question  of  fit  can  be  determined  easily  by  the  soldier 
himself.  If  the  eye-pieoee  dim,  the  mask  does  not  fit  and  should  be 
Changed  • 

In  connection  with  this  work  experiments  were  also  carried 
out  to  determine  the  effect  on  the  soldier  of  varying  visibility. 
Eye-piece  materials  which  are  optically  inferior  when  the  illumination 
is  good  become  relatively  very  much  more  inferior  with  poor  illu¬ 
mination.  ..hile  good  definition  is  important  in  bright  light,  it 
becomes  extremely  important  in  poor  light.  For  military  use,  eye¬ 
pieces  should  thorefore  have  the  best  possible  defining  power. 

?ho  effect  of  decreasi^  visibility  on  the  accuracy  of  rifle  sighting 
was  tested  thoroughly  wi  th  good  illumination.  Ho  serious  impairment 
occurs  until  the  definition  is  reduced  to  about  30$'  of  normal,  the 
decrease  in  visibility  evidently  being  counteracted  largely  by  an 
Increase  in  the  effort  of  attention.  Different  results  rould  prob- 

■.th  * 

ably  be  obtained  with  tired  men.  Discrimination  in  a  limited  time 
between  a  gray  objoot  and  a  white  background  was  also  tested  witjil 
varying  illumination  and  it  .as  found  that  there  was  not  much  im¬ 
pairment  in  the  power  of  discrimination  until  the  defining  power 
droj-ped  below  50 ..ith  poor  light  the  difference  became  noticeable 
much  sooner. 


fl  7  o 
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The  glaee  used  in  the  mask  eye-pieces  m**  so-called  triplex  glues 


consisting  of  two  layers  of  glass  cemented  togetner  by  n  layer  of  pyr-lin, 


which  is  a  special  celluloid.  For  a  long  time  the  output  of  the  Super-Class 
Company  wuc  only  20000  eye-pieces  per  day  with  SO^yie/ectione,  These 


rejections  were  due  largely  to  •let-go ee*  (in  chich  case  tne  glass  separates 
from  the  pyralin  layer),  cracks,  'squeeze-cuts',  and  dry  ryots.  ’.tort  of 
these  difficulties  wore  caused  by  insufficient  curing  of  the  pyralin  and 

by  improper  methods  of  cutting  and  pres  sin:;  the  layers  used  in  the  eyepieces. 

► 

The  Research  Division  was  able  to  suggest  inf  ro  vent:  ate  whi#h  brought  the 
production  up  +o!  as  high  as  50000  lenccc  per  day  with  10^  rejections. 
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A  very  careful  study  of  the  theory  of  smokes  wee  mdejp  Tho  con¬ 
centration  of  the  omoke  was  determined  by  precipitation  in  a  modified  Cottrell 
apparatus  consisting  of  a  central  wire  cathode  surrounded  by  a  cylindrical 
aluminum  foil  anode  about  l/lOOO  inch  in  thickneee.  A  15000  volt  rectified 
direct  current  was  used  and  complete  precipitation  was  obtained  with  fairly 

oajCl. 

concentrated  samples  of  smoke  oven  when  drawn  through  the  apparatue  .of  about 

A 

five  liters  per  minute.  The  aluminum  foil  and  adnering  smoke  were  then 
weighed.  Microscopic  examination  showed  wnether  the  smoke  particlee  were 
liquid  or  solid.  The  size  of  thy  particlee  in  a  smoke  can  be  determined 
ultra-ndcroscopically  with  fair  accuracy  by  measuring  the  velocity  of  a 
charged  particle  in  an  electric  field  of  measured  intensity,  pnotogr uphing  the 
pa/th  of  the  particle  v/nile  tho  direction  of  the  electric  field  is  reversed 
regularly  by  a  rotating  commutator  whose  speed  is  known  accurately.  When  the 
convection  due  to  the  source  of  light  is  perpendicular  to  this  motion,  a  zigzag 
line  is  obtained.  Since  about  one-third  of  tao  emoke  particles  are  charged 
electrically,  photographs  of  these  oscillations  show  simultaneously  the  be¬ 
havior  of  a  large  number  of  particles,  tnuo  simplifying  the  study  of  size 
distribution.  For  the  more  rapid  study  of  smokes  an  instrument  culled  the 
TyndaliVeter  was  devised  which  measured  tae  origntness  of  tho  Tyndall  bourn  sot 
up  in  the  smoke  to  be  examined.  For  low  concentrations  oi  txke  tae  bright¬ 
ness  of  tae  beam  increases  with  the  concentration  and  the  degree  of  uitj, unity 
of  tue  smoke  material,  so  taut  if  eitner  factor  rwauiiu  practically  coaot-at 
the  real nge  give  a  measure  of  tae  variation  of  l no  otaor. 

Toxic  smokos  are  prep  ireJ  by  condonoatiou,  disintegration,  or  tone 
combination  of  the  two.  Tho  condensation  or  inerrul  mutaon  consists  .  u..tiul- 
ly  in  the  volatilization  of  a  eubst  *nc«  having  n  oufficiently  low  pap  or  ;  res- 
oure,  followed  by  a  rocond enaction  of  the  vJyoV  cneti  the  tc^erature  aat  fallen 
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Ultro&croi'raph  ahowing  tig  tag  I'ath  of  Charged  ^  Arlieloe 
■ubjactevi  1c  a  Rapidly  R#vtrfliug  'Uactrlcjj. 
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sufficiently.  The  smoke  consists  of  relatively  large  particloe  if  the 
rate  of  condensation  ie  low  as.  when  vaporization  takes  place  in  an  open  con¬ 
tainer  from  which  the  condensing  vapors  pass  slowly  into  the  air  without 
being  diluted  sufficiently,  Each  particle  remains  un  appreciable  time 
in  contact  with  saturated  vapor  and  consequently  increases  very  rapidly  in 
•ize.  Cn  the  other  hand  relatively  small  particles  "dll  be  formed  if  the 
vapor  ie  swept  away  by  a  current  of'  hot  gases  under  pressure  because  it  is 
then  diluted  before  supersaturation  occurs.  The  possibility  of  the  very 
email  particles  coalescing  is  also  less  at  high  dilutions. 

In  the  disintegration  or  explosive  metnod  we  hive  the  partial 
mechanical  shattering  of  the  material  owing  to  tne  snook  of  the  explosion 
.aid  a  partial  vaporization  of  tho  fluttered  material  cue  to  the  neat  of 
explosion.  Tne  full  violence  of  tne  mechanical  shock  is  not  utilized  since 
the  smoke  material  does  not  possess  sufficient  inertia  to  receive  the  full 

force  of  the  shock;  and  tne  effectiveness  of  the  hot  of  the  explosion  is 

-h* tie.  duAj*~y  u 

reduced  greatly  owing  to  the  very  sri c */ iJr  a  parti cie^in  the  heated 
zone.  Consequently  tho  explosive  method  does  not  give  so  many  finely 
dividod  smoke  particles  as  does  tne  thermal  method.  Starting  with  a  powder 
of  about  0.1  nra  in  diameter,  tho. ^explosion  will  shatter  these  more  or  less 


completely  ii 


/l  Am.  4 

into  particles  about  0,001  mm. 


001  mm.  The  heat  produced  will  vaptrize  some 


of  these  particles  which  will  then  precipitate  in  a  finer  form;  but  tho  per¬ 
centage  having  diameters  1  -  0.01 ^Lis  very  much  lose  than  when  the  thermal 
method  ie  used.  ./itn  tno  oubet  -neon  studied,  very  few  parti  clue  are  obtained 


having  diameters  less  than  0.01 
[■•j  toe  last  able,  » 


apparently  because  the  very  small  parti  dee 
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Some  cubet  mcee  jive  good  mokes  by  txplooion.  while  others 

A 

do  not.  The  important  factors  are  the  vapor  pressure,  the  latent  heat  of 
vaporization,  the  melting-point,  and  the  strength  of  the  cryet  -iliae  fcrcee. 

The  vapor  preeoure  ohould  iiuve  a  medium  value  at  ordinary  temper  aturee;  if  it  ftf 
too  high,  reeondenoation  does  not  take  place  sufficiently  rapiuly  and  if  it  It 
ie  toe  low,  a  very  fine  etate  of  subdivision  cannot  be  obtained  on  explosion 
and  the  temperature  must  be  raieod  too  nigh  in  the  cuce  of  tao  thermal 
method.  Thio  objection  ie  serious  .vith  combustible  smokes  and  done  not  apply 
of  course  to  phosphorus  pentoxide  for  iact  nice. 

If  the  latent  heat  of  vaporization  is  low,  vaporization  by  the  heat 
of  explosion  ie  facilitated  .and  a  coding  of  the  nuptre  .tur  ited  740 r  ie 


obt  ained  more  easily.  If  the  melting  point  ie  low,  the  most  u.ce  will  m.;lt 
on  slight  heating  and  the  cohesive  force  of  a  liquid  is  generally  Lees  man 


that  of  the  corrocponding  solid.  viith  any  given  solid,  disintegration  will 
take  place  more  re- 1  lily  the  lo  or  thu  cohesive  force  uvi  t:io  auctiiity.  If 

the  smoko  materi  zi  is  ;  •  id  it  mould  e  ecu  a*  .tivclv  .r  •  -no  should  bo 

/ 

ground  very  fine.  ivs  a  rule  liquids,  ie.ii-:clidi',  and  relatively  low-molting 
collie  give  much  better  smoko  1  tu-u  ui\;i*-GMltiftg  solids. 


Particles  of  a  diameter  1  -  0.C1 


eucn  as  are  fouua  in  .^ood, 


relatively  permanent  oookus,  uru  email  co-^arwii  din  iuu  e.jili-ry  .daultr  of 
the  smoke  filters.  Consequently,  %nu  filter  a&es  <mt  .cl  priority  lake  a 
sieve.  The  actual  mochuiien  of  the  fiimri..0  cc..»ist#  in  too  eticicir.j  of 
Cooke  p  .rtiolec  tc  tno  .all  cl  too  c*jiii~ry  when  taey  art  vixu  ..  in  ;ont  ct 


.itu  it.  1  articles  are  bieugnt  in  cont  ct  dtn  tao  « .11  by  *»revni.in  movement e, 
by  direct  collision  men  t<ve  m.-v.m  of  air  carrying  the  particle  turns  a 
eudien  corner,  and  by  gr  <  i  eotliug. 


3. 


//o 


With  a  given  filter  the  percentage  penotration  cf  smoke  decreases 
druing  a  run  partly  because  of  clogging  of  the  filter  and  partly  because  of 
coagulation  of  the  smoke  with  time.  For  the  sane  sized  p  articles  the  per¬ 
centage  penetration  is  practically  independent  of  the  concentration.  .t  very 
low  rates  of  flow  the  penetration  in  practically  zero.  v/itn  increased  rate 
of  flow  there  is  increasing  penetration,  beyond  which  the  percentage  penetra¬ 
tion  varies  very  little  with  tne  rate  of  flow.  The  shape  ..nd  position  cf 
the  penetration  curve  depends  of  course  on  tne  smoke  and  on  t..v  filter. 

This  study  of  tne  tnoory  of  smoke  production  rude  it  possible  to 
devise  methods  of  using  smoko  which  could  undoubtedly  h..-vo  ir.d  gre.rt  miiit  ry 
value  had  it  not  been  for  the  signing  of  the  armistice.  Large-scale  pro¬ 
duction  of  the  new  devices  was  already  uno.er  .-y. 

A  study  was  also  made  of  tne  possibility  of  rendering  the  German 
masks  valueless  by  coating  the  charcoal  witu  muteri-1  which  ..ould  prevent  ite 
absorbent  action,  or  by  clogging  the  smoko  filter  JWiUe  m  .king  Ireutning 
through  it  difficult,  Since  part  cf  the  improvement  in  the  cin.roo  J.  con¬ 
sists  in  removing  hydrocarbons,  experiment*  wore  made  witu  korooene,  benzene, 
otc.  testing  the  charcoal  a.;;inot  ammonia.  It  was  found  that  exceedingly  1-afge 
quantities  of  these  materials  were  necessary  in  order  Is  imp  ir  tne  a.ieorbiag 
power  of  the  charcoal  appreci  .  ly  and  consequently  this  method  -an  discarded. 


It  would  apparently  be  feasible  to  clog  the  German  smoke  filter  .it a 

Hjtii 

chloride  sneko;  bui,  ttokee  penetrate  tne  jo.  win  m;sk  hc  readily  th.t 

A 

with  tnoso  seems  ..lore  jromisin.,  than  one  witu  titanium  unlorido. 
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TOXIC  SmOKK  CLOUS  FK>*  600  S.w.  CAMSL&i  (oeoond  Test) 

{ Arrangement  of  Candles  dialler  to  that  la  First  Test) 

The  aloud  drifted  over  the  Garrison  nearly  three 
miles  from  the  origin  o easing  un protected  men  here re 
burning  in  the  throat  and  lungs,  aocomnanied  by  coughing 
and  in  some  cases  vomiting.  The  smoke  mas  detectable  to 
an  irritating  degree  in  Lakehuret,  B. J.  sfaiofc  is  about 
4  1/2  miles  from  the  origin  of  the  oloud. 


origin  of  the  oloud. 


Test  at  Lakehuret  Proving  Grounds. 

Sea..  If,  1918. 


TOXIC  atOJU  CLOUD  FHOk  500  D<«/  CiHDL 33  (First  Test) 


The  oandlss  were  plsoed  in  5  parallel  rows  which 
were  2  yards  apart*  each  row  containing  100  candles  on  a 
100  yard  front.  The  rows  of  candles  were  ignited  in 
succession,  the  total  tine  of  active  smoke  emission  being 
23  minutes. 

Pr  actio  ally  all  Oermam  and  U.3.3.H.  Canisters  were 
penetrated  unbearably  to  a  distance  of  1600  yards.  Logan 
felts  Slightly  penetrated  ap  to  1000  yards. 


Lake  hurst,  M.J,  Proving  Crowds 

Dec.  12,  1916. 
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PENETRATION  i^PPARATUS  USE!  TO  TEST 
THE  SMOaE  FROM  TOXIC  CANDLES. 

PUTS  LX XXI 
# 


PENETRATION  APPARATUS  IN  ACTION 


92- 


ill  the;  filters  devisou  for  . toppinj  cicokoc  introduce  a  very 
hi*;h  rtcistrrr.ee  to  brcuthin:.  Jhe  .defense  Chemical  i.eseorch  section 
therefore  tacldeu  the  ..roblera  of  oleccrlcal  precipitation.  They  suc¬ 
ceeded  in  developing  a  portable  electrical  precipitation  api  aratus  of 
the  Cottrell  type,  vei:;hin£  about  four  to  five  pounds  which  renoved 
srr.ohes  completely  and  introduced  only  on  inappreciable  resistance. 

.hile  the  cost  and  c  application  of  the  special  avparatus  would  un¬ 
doubtedly  prevent  the  general  use  of  such  an  «fi«nnv  on  the  battle¬ 
field,  it  might  be  of  considerable  value  in  special  cases  aid  night 
"•'ell  be  used  fer  a  variety  of  industrial  purposes.  It  war  found,  for 
instance,  that  the  eloctricul  irecititutor  removes  bacteria  completely 
from  the  ir.Iialed  air. 
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DEPARTMENT  OF  THE  ARMY 

US  ARMY  RESEARCH,  DEVELOPMENT  AND  ENGINEERING  COMMAND 
EDGEWOOD  CHEMICAL  BIOLOGICAL  CENTER 
5183  BLACKHAWK  ROAD 
ABERDEEN  PROVING  GROUND,  MD  21010-5424 

REPLY  TO 
ATTENTION  OF: 


RDCB-DPS-RS 


APR  1  4  2015 


MEMORANDUM  THRU  Director,  Edgewood  Chemical  Biological  Center  (ECBC), 
(RDCB-D,  Mr.  Joseph  L.  Corriveau),  5183  Blackhawk  Road,  Aberdeen  Proving  G 
MD  21010-5424 


FOR  Office  of  the  Chief  Counsel,  US  Army  Research,  Development  and  Engineering 
Command  (RDECOM),  (AMSRD-CCF/Ms.  Kelly  Knapp),  3071  Aberdeen  Boulevard, 
Aberdeen  Proving  Ground,  MD  21005-5424 

SUBJECT:  Operations  Security/Freedom  of  Information  Act  (FOIA)  Review  Request 


1.  The  purpose  of  this  memorandum  is  to  recommend  the  release  of  information  in 
regard  to  request  to  RDECOM  FOIA  Requests  FA-14-0054. 

2.  ECBC  received  the  request  from  Ms.  Kelly  Knapp,  the  RDECOM  FOIA  Officer.  The 

from  gathering 

information  on  the  Chemical  Warfare  Service. 

3.  The  following  documents  were  reviewed  by  Subject  Matter  Experts  within  ECBC: 

a.  History  of  Research  at  Yale  University,  dated  20  Nov  1918,  11  pages. 

b.  Bancroft's  History  of  the  Chemical  Warfare  Service  in  the  United  States,  by 
Lt.  William  Bancroft;  AD-495049;  dated  31  May  1919,  206  pages. 

c.  A  Historical  Sketch  of  Edgewood  Arsenal,  by  Lt.  William  McPherson;  AD  498494; 
date  unknown,  20  pages. 

d.  The  Diary  of  Jet  Parker;  C390D1;  dated  Sep  -  Dec  1918,  26  pages. 

e.  American  University  Technical  Reports,  Bureau  of  Mines,  War  Gas  Investigations 
(WGI)  Monographs,  date  unknown. 
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SUBJECT:  Operations  Security/Freedom  of  Information  Act  (FOIA)  Review  Request 


4.  ECBC  has  determined  that  all  of  the  reviewed  documents  are  suitable  for  release, 
however,  all  documents  must  have  the  classification/distribution  changed  through  the 
Defense  Technical  Information  Center  prior  to  any  release. 


5.  The  point  of  contact  is  Mr.  Ronald  L  Stafford,  ECBC  Security  Manager, 
(410)  436-1 999  or  ronald.l.stafford.civ@mail.mil. 


RO/iALD  L.  STAFFOR 
Security  Manager 
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